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Of the Order, and Periods of the Primary 
Planets revolving about the Sun; and 


of the Secondary Planets round their 


reſpectiue Primaries. 


who at different Diſtanc 


es, and in 


E Sun is placed in the midſt of 
an immenſe Space, wherein Six 
WK Opaque Spherical Bodies revolve Vl. 
about him as their Center. Theſe 
wandring Globes are called the Planets, 


different 
Periods, 


2 De INTRODUCTION. 
Periods, perform their Revolutions from 
Weſt to Eaſt, in the following Order. 
1. & Mercury is neareſt to the Sun of all 
the Planets, and performs its Courſe. in 
about three Months. 2. 2 Venus in about 
ſeven Months and a half. 3. ® The Earth 
in a Year. 4. & Mars in about two Years, 
5. * Jupiter in twelve. And laſtly, h Ca. 
turn, whoſe * Orbit includes all the reſt, 
ſpends almoſt 30 Vears in one Revolution 
round the Sun. The diſtances of the Planets 
from the Sun are nearly in the ſame 
proportion, as they are repreſented in 
Plate r. vis. Suppoſing the Diſtance of the 
Earth from the Sun to be divided into 10 
equal parts; that of Mercury will be about 
4 of theſe parts; of Venus 7; of Mars rs; 
of Jupiter 52; and that of Saturngs. | 
The Orbits of the Planets arc not all in 
the ſame Plane, but variouſly inclined to 
one another; ſo that ſuppoſing one of 
them to coincide with the above Scheme, 
the others will have one half above, and 
the other half below it; interſecting one 
another in a Line paſſing through the Sun. 
The Plane of the Earth's Orbit, is called 
the 


The Characters placed before the Names of the Planets, 
are for Brevity's ſake commonly made uſe of by Aſtronomers, 
inſtead of the Words at length, as @ for Venus, & c. 

* By the Orbit of a Planet, is commonly underſtood the 
Tract or Ring deſcribed by its Center round the Sun; but 
by the Plane of the Orbit is meant a flat Surface extended 
every way thro' the Orbit infinitely, 8 | 
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the Ecliptick; and this the Aſtronomers Ecliptick, 


make the Standard, to which the Planes 
of the other Orbits are judged to incline. 
The right Line paſſing thro' the Sun, and 
the common Interſection of the Plane of 
the Orbit of any Planet and the Ecliptick, 


is called the Line of the Nodes of that Node, 


Planet; and the Points themſelves, wherein 
the Orbit cuts rhe Ecliptick, are called the 
Nodes. . 
The Inclinations of the Orbits of the 
Planets to the Plane of the Ecliptick, are 
as follow, vig. The Orbit of Mercury makes 
an Angle with it of almoſt 7 degrees; 
that of Venus ſomething above 3 + degrees; 
of Mars, a little leſs than 2 degrees; of Fu- 
piter, 1 + degrees; and of Saturn, about 
2.x degrees. The Orbits of the Planets are 
not Circles, but Ellipſes or Ovals. What 
an Ellipſis is, may be eaſily underſtood from 
the following deſcriprion. Imagine two 

g ſmall Pegs fixed upright on any Plane, and 
ſuppoſe them tyed with the ends of a Thread 
| ſomewhat longer than their diſtance from 
one another : now if a Pin be placed in the 
double of the Thread, and turned quite 
round, (always ſtretching the Thread with 
the ſame force) the Curve deſcribed by this 
Motion is an Ellipſis. The two Points 
where the Pegs 4000 (about which the 
Thread was turned) are called the Foci of 
that Ellipſis; and if without changing the 
B 2 length 


4 


length of the Thread, we alter the Poſition 


Excentri- 


city. 


Primary 
Planets. 


Secondary 
Planets, 


and perform their Revolutions round them, 
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of the Pegs, we ſhall then have an Ellipſis 
of a different kind from the former ; and | 


the nearer the Focus's are together, the i 
nearer- will the Curve deſcribed - be to a2 diſt 
Circle; until at laſt the two Focus's co- fro! 
incide, and then the Pin in the doubling of u 
the Thread will deſcribe a perfect Circle. ſtan 
The Orbits of all the Planets, have the Sun In 
in one of their Focus; and half the diſtance 17 
between the two Focus is called the Ex- mo; 
centricity of the Orbits. This Excentricity 16 J 
is different in all the Planets; but in moſt 15 = 
of them it is fo ſmall, that in little Schemes y 
or Inſtruments, made to repreſent the Pla- I the 
netary Orbits, it need not be conſidered. | L 8 
The Six Planets above-mention'd, are 4 7 
called Primaries, or Primary Planets ; | 
but beſides theſe, there are ten other leffer Da 
Planets, which are called Secondaries, mei 
Moons or Satellits. Theſe Moons al- the 
ways accompany their reſpective Primaries, Y od 


whilſt both together are alſo carried round | Al. 


the Sun. Of the Six Primary Planets, there = 
are but three, as far as Obſervation can y 
aſſure us, that have theſe Attendants, vz. Wk 


the Earth, Jupiter, and Saturn. c 
The Earth is attended by the Moon, who —.— 


performs her Revolution in about 27 + days, hy 
at the diſtance of about 3o Diameters of Pla 


the Earth from it; and once a Year is 
carried 
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carried round the Sun along with the Earth. 


17 Jupiter has four Moons or Satellites; the —— A 
-; and | firſs or innermoſt performs its Revolution“ 

r, the in about one Day and 18 4 Hours, at the 

e to a diſtance of 5 + Semidiameters of Fupiter 

#s co- from his Center; the ſecond revolves about 

ing of 7p#iter in 3 Days and 13 Hours, at the di- 
Circle. {tance of 9 of his Semidiameters; the third 

je Sun in 7 Days and 4 Hours, at the diſtance of 
iſtance 14 + Semidiameters 3 the fourth and outer- 

ie Ex. & 72/t, performs its Courſe in the ſpace of 
tricity 16 Days 17 Hours, and is diftant from Jupi- 

1 moſt er's Center, 25 + of his Semidiameters. 
-hemes Saturn has no than five Satellits 5 Saturn h 
\e Pla. the fr/for innermoſt revolves about him in ve Moons. 
ered. 1 Day and 21 Hours, at the diſtance of 


4 + Semidiameters of h from his Cen- 


5M : F ter; the ſecond compleats its Period in 24 
- leffer Days at the diſtance of 5 + of his Semidia- 
Jaries, meters; the third, in about 45 Days at 
ns al. the diſtance of 8 Semidiameters ; the fourth 
naries, Performs its Courſe in about 16 Days, at 
them the diftance of 18 Semidiameters ; the 
round th and outermoſt takes 79 + Days to 
there finiſh his Courſe, and is 54 Semidiameters of 
1 Saturn, diſtant from his Center. The 82. 

Vie tellits as well as the Primaries perform their 
F Revolutions from Weſt ro Eaſt the Planes 
„ who of the Orbits of the Satellits of the ſame 
days, Planet, are variouſly inclined to one ano- 
_ of ther, and conſequently are inclined to the 
9 Plane of the Orbit of their Primary. 


arried 
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| Beſides theſe Attendants, Saturn is en- 
compaſſed with a thin plain Ring that does 
no where touch his Body: the Diameter of 
this Ring is to the Diameter of Jarurn as 


9 to 43 and the void ſpace between the 


Ring and the Body of Saturn, is equal to 
the breadth of the Ring it ſelf; ſo that in 


ſome ſituations the Heavens may be ſeen 


between the Ring and his Body. This ſur- 
priſing Phenomenon of Saturns Ring is. a 
modern diſcovery; neither were the Sa- 


tellits of Jupiter and SCaturn known to 


the Ancients. The Jovi Planets were firſt 
diſcovered by the famous Ttalian Philoſo- 
pher Galilæus, by a Teleſcope which he 
firſt invented; and the celebrated Caſſini, 


the French King's Aſtronomer, was the firſt 
that ſaw all the Jate/l/its of Saturn; which 


by reaſon of their great diſtances from the 


Sun, and the ſmallneſs of their own Bodies, 
cannot be ſeen by us, but by the help of 


very good Glaſſes. 
The Motion of the pe imary Planets round 


the Sun (as- alſo of the Satellits round 


their reſpective Primaries) is called their 


Annual Motion; becauſe they have one 


Vear or Alteration of Scaſons complete in 
one of theſe Revolutions. Beſides this 
Annual Motion, four ot the Planets, vi. 
Venus, the Earth, Mars, and Fupiter, rc- 


Diurna! volve about their own Axes, from e 


Motion. 


to Eaſt; and this is called their Diurnal 
Mo- 
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Motion. For by this Rotation each point 
of their Surfaces, is carried ſucceſſively to- 
wards or from the Sun, who always illu- 
minates the Hemiſphere which is next to 
him, the other remaining obſcure: and While 
any place is in the Hemiſphere illuminated 
by the Sun, it is Da 2 but when it is car-. 
ried to the obſcure Hemiſphere, it becomes 
Night; and ſo continues until by this Ro- 
tation the ſaid place is again enlightned by 
the Sun. 

The Earth performs its Revolution Diurnal 
round its Axis in 23 Hours 56 Minutes . 
Venus in 23 Hours; Mars in 24 Hours and 7, — 
40 Minutes; and Jupiter moves round 
his own Axis in 9 Hours and 56 Minutes. 

The Sun alſo is found to turn round his © and » 
Axis from Weſt to Eaſt in 27 Days: And levi 
the Moon, which is neareſt to us of all the , are, 
Planets, revolves about her Axis in a Month, 

or in the ſame ſpace of Time that ſhe turns 
round the Earth; ſo that the Lunarians have 

but one Day throughout their Year. | 

I, The Planets are all opaque Bodies, The Pla- 
having no Light but what they borrow from are 
the Sun: For that ſide of them which is Nr 

nd Glo- 
next towards the Sun, has always been ob. 4lar. 
ſerved to be ein in what poſition 
ſoe ver they be; but the oppoſite ſide, which 
the Solar Rays do not reach, remain dark 
and obſcure; whence it is evident that they 
have no light but what procceds from the 
ä „ Sun: 


g 


The Pla- 
nets turn 
round the 
Sun. 
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Sun: for if they had, all parts of them 
would be lucid without any darkneſs 
or ſhadow. The Planets are likewiſe 
proved to be Globular, becauſe let what 
part ſoever of them be turned towards 
the Sun, its Boundary, or the Line ſepa- 
rating that part from the oppoſite, always 
appears to be Circular; which could not 
happen if they were not Globular. 


II. That the Earth is placed betwixt the 


Orbs of Mars and Venus, and that &, 2, 


F, *, and Þ, do all turn round the Sun; 
is proved from Obſervations as follow: 


t. Whenever Venus is in Conjunction 
with the Sun, that is, when ſhe is in the 


ſjame Direction from the Earth, or towards 


the ſame part of the Heavens the Sun is in; 
ſhe either appears with a bright and round 
Face like a full Moon, or elſe diſappears; 
or if ſhe is viſible, ſne appears horned like 
a new Moon; which Phenomena could 
never happen if $ did not turn round the 
Sun, and was not betwixt him and the 
Earth: For ſince all the Planets borrow 
their Light from the Sun, it is neceſſary that 
2's lucid Face ſhould be towards the Sun; 
and wacn ſhe appears fully illuminated, 
ſhe ſhews the ſame Face to the Sun and 
Earth; and at that time ſhe muſt be above 
or beyond the Sun, for in no other Poſition 
could her illuminated Face be ſeen from the 
Earth. Farther, when ſhe diſappears, or, 
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it viſible, appears horned ; that Face of 


2 
1 
* 


hers which is towards the Sun, is either 
wholly turned from the Earth, or only a 
ſmall part of it can be ſeen by the Earth; 


— 


9 


and in this caſe ſhe muſt of neceſſity be 


betwixt us and the Sun. Let S be the Sun, 


I the Earth, and V Venus, having the 
| ſame Face preſented both towards the Sun 


and Earth : here it is plain that the Sun is 


betwixt us and Venus, and therefore we 
muſt either place Venus in an Orbit round 


the Sun, and likewiſe betwixt him and 


| us, as in Fig. 1. or elſe we muſt make the 
Sun to move round the Earth in an Orbit 
| within that of Venus, as in Fig. 2. 


Again, 
after Venus diſappears, or becomes horn- 


ed, at her* & with the ©, ſhe then muſt be 


betwixt us and the Sun, and muſt move 


either in an Orbit round the Sun, and be- 
twixt us and him, as in Fig. 1. or elſe 


round the Earth, and betwixt us and the 


Plate 2. 
Fig. 1. 2. 


Sun, as in Fig. 2. But Venus cannot move 
ſometimes within the Sun's Orbit, and 


ſometimes without it, as we muſt ſuppoſe 
if ſhe moves round the Earth; therefore it 

Is plain that her Motion is round the Sun. 
Beſides the foregoing, there is another 
Demonſtration that Venus turns round the 
Sun, in an Orbit that is within the Earth's ; 
becauſe ſhe is always obſerved to keep near 
the 


* is a Mark commonly uſed for Conjunction: thus & 


with the O, is to be read Conjunction with the Sun, 
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vens that he is in: for ſhe never recedes from 
him more than about + of a whole Circle; 
and therefore can never come in oppoſition 


either in a longer or ſhorter time than a Vear. 
And this is the reaſon why Venus is never to 
be ſcen near midnight, but always either 


above three or four Hours before Sun-riſing, 
ini venus or after Sun-ſetting. From the time of 2's 
og ſuperior ' Conjunction (or when ſhe is above 
our Morn- the Sun) ſhe is more Eaſterly than the Sun, 
ing or E- and therefore ſets later, and is ſeen af- 
vening 
Star. ter Sun-ſctting, and then ſhe is common- 
ly called the Evening Star., But from the 


time of her inferior Conjunction till ſhe 


comes again to the ſuperior, ſhe then ap- 


pears more Weſterly than the Sun, and. is 
only to be ſeen in the Morning before Sun- 
riſing, and is then called the Morning Star. 

After the ſame manner we prove that 
Mercury turns round the Sun, for he al- 
ways keeps in the Sun's Neighbourhood, 
and never recedes from him ſo far as Venus 
does; and therefore the Orbit of & muſt 
lic within that of 2: and on the account 
of his nearneſs to the Sun, he can ſeldom 
be {cen without a Teleſcope. 


The orbit. Mars is obſerved to come in oppoſition, 


1 and likewiſe to have all other Alpects with 


Earth's, 


the 


the Sun, and in the ſame Quarter of the Hea- 


to him; which would neceſſarily happen, 
did ſhe perform her Courſe round the Earth 


in the Morning or Evening, and at moſt not 
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Sect. 1. Of the SOLAR SYSTEM. 
the Sun; he always preſerves a round, full, 
and bright Face, except when he is near 


his Quadrate Aſpect, when he appears ſome- 
what Gibbous, like the Moon three or four 


days before or after the Full: Therefore the 


Orbit of & muſt include the Earth within 


it, and alſo the Sun; for if he was bet wixt 
5 the Sun and us, at the time of his inferior 
Conjunction, he would either quite diſap- 


11 


IF pear, or appear horned, as Venus and the Fig. 3· 


Moon do in that Poſition. Let 8 be the 
= Sur, T the Earth, and A, P Mars, both in 
his ConjunQion and Oppoſi tion to the Sun, 
and in both Poſitions full; and B, C Mars 


at his Quadratures, when he appears ſome- 


what gibbous from the Earth at T: Tis 
plain hence, that the Orbit of Mars does 
include the Earth, otherwiſe he could not 


come in oppoſition to the Sun; and that it 


= likewiſe includes the Sun, elſe he could 
not appear full at his, Conjunction. 


Mars, when he is in oppoſition to the 


Sun, looks almoſt ſeven times larger in 
Diameter, than when he is in conjunction 


with him; and therefore muſt needs be al- 
moſt ſeven times nearer to us in one poſition 
than in the other: For the appareat Magni- 
tudes of far diſtant Objects, increaſe or de- 
creaſe in proportion to their diſtances from 
us. But Mars keeps always nearly at the 
ſame diſtance from the Sun; therefore it is 
plain, that it is not the Earth, but the Sun 


that i is the Center of his Motion. It 
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It is proved in the ſame way, that Ju- 
piter and Saturn have both the Sun and 
the Earth within their Orbits; and that 
the Sun, and not the Earth, is the Center of 
their Motions; altho the diſproportion of 
the diſtances from the Earth is not ſo great 
in Jupiter as it is in Mars, nor ſo great in 
Saturn as it is in Jupiter, by reaſon that 
they are at a much greater diſtance from 
the Sun. | | 
ie, We have now ſhewn that all thePlanets turn 
. round the Sun, and that Mercury and Venus 
are included between him and the Eatth ; 
whence they are called the Inferior Planets : 
and that the Earth is placed between the Orbits 
of Mars and Venus, and therefore included 
within the Orbits of Mars, Jupiter and 
Saturn; whence they are called the Supe- 
rior Planets : And ſince the Earth is in the 
middle of theſe moveable Bodies, and is of 
the ſame nature with them, we may con- 
clude, that ſhe has the ſame ſort of Motions ; | 
but that ſhe turns round the Sun, is proved | 
thus a 
e, All the Planets ſeen from the Earth ap- 
fard fill, pear to move very unequally; as ſometimes | 
but turns to go faſter, at other times ſlower ; ſome- 
round the times to go backward, and ſometimes to 
be ſtationary, or not to move at all ; which 
could not happen if the Earth ſtood ſtill. 
Fig. 4 Let S be the Sun, T the Earth, the great 
Circle AB CP, the Orbit of Mars, and 
the 
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the Numbers 1, 2, 3, &c. its equable Motion 
round the Sun ; the correſpondent Numbers 
1, 2, 3, Cc. in the Circle a, &, c, d, the Mo- 
tion of Mars as it would be ſeen from the 
Earth. It is plain from this Figure, that if 
the Earth ſtood ſtill, the Motion of Mars 
would be always progreſſive, (tho ſome- 
times very unequal;) but ſince Obſervations 

prove the contrary, it neceſſarily follows, 

that the Earth turns round the Sun. 
| The Annual Period of the Planets round The An- 
the Sun are determined, by carefully obſerv- e. — 
ing the length of time ſince their departure tin, the 
from a certain Point in the Heavens (or from 7" | 
a Fixed Star) until they arrive to the ſame puted. 
again. By theſe ſorts of Obſervations the 
Antients determined the periodical Revo- 
lutions of the Planets round the Sun; and 

were ſo exact in their Computations, as to 

be capable of predicting Eclipſes of the Sun 
and Moon. But ſince the Invention of 
Teleſcopes, Aſtronomical Obſervations are 

made with greater Accuracy, and of conſe- 
quence our Tables are far more perfect than 

thoſe of the Antients. And in order to 

be as exact as poſſible, Aſtronomers com- 

pare Obſervations made at a great diſtance 

of time from one another, including ſeve- 

ral Periods; by which means the Error that 

might be in the whole, is in each Period 
ſubdivided into ſuch little parts, as to be 

very inconſiderable. Thus the mean Length 

of a ſolar Year is known even to Seconds. 

1 The 
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The Diurnal Rotation of the Plancts 
round their Axes, was diſcovered by certain 
Spots which appear on their Surfaces. Theſe 
Spots appcar firſt in the Margin of the Pla- 
nets Disks, (or the Edge of thcir Surfaces,) 
and ſeem by degrees to creep towards their 
Middle; and ſo on, going ſtill forward, till 
they come to the oppoſite Side or Edge 
of the Disk, where they ſet or diſappear : 
and after they have been hid for the ſame 
ſpace of time that they were viſible, they 
again appcar to riſe, in or near the ſame 
place as they did at firſt; then to creep on 
progreſſively, taking the ſame courſe as they 
did before. Theſe Spots have been obſerved 
on the Surfaces of the Sun, Venus, Mars, 
and Jupiter; by which means it has been 
found, that theſe Bodies turn round their 
own Axes in the times before-mention'd. 
It is very probable, that Mercury and Saturn 
have likewiſe a Motion round their Axes, 
that all the parts of their Surfaces may al- 


ternately enjoy the Light and Heat of the 
Sun, and receive ſuch changes as ate Proper 


But by 


and convenient for their Nature. 
reaſon of the nearneſs of & to the Sun, 
and 's immenſe diſtance from him, no 
Obſctvations have hitherto been made where- 
by their Spots (if they have any) could be 
diſcovered, and therefore their diurnal Mo— 
tions could not be determined. The diur- 
nal Motion of the Earth is computed, from 

3 | the 
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the apparent Revolution of the Heavens, 
and of all the Stars round it, in the ſpace 
of a natural day. The Solar Spots do not 
always remain the ſame, but ſometimes old 
ones vaniſh, and afterwards others ſucceed 
in their room; ſometimes ſeveral ſmall ones 
gather together, and make one large Spot, 
and ſometimes a large Spot is ſeen to be 
divided into many ſmall ones. But, not- 
withſtanding theſe Changes, they all turn 
round with the Sun in the ſame time. 

The Relative Diſtances of the Planets 2% 
from the Sun, and likewiſe from each other, Diſtances of 
are determined by the following Methods: e Planet 
Firſt, the diſtances of the two inferior Pla-, . 
nets & and ? from the Sun in reſpect of termined. 
the Earth's diſtance from him, is had by 
obſerving their greateſt Elongation from the 
Sun as they are ſeen from the Earth. 

The greateſt Elongation of Venus is found Hg.. 
by obſervation to be about 48 degrees, — 
which is the Angle ST 2; whence, by the 
known Rules of Trigonometry, the Propor- 
tion of S 2, the mean Diſtance of Venus 
from the Sun to ST, the mean Diſtance 
of the Earth from him, may be eaſily found: 
After the ſame manner, in the right- angled 
Triangle ST &, may be found the Diſtance 
S V, of Mercury from the Sun. And if 
the mean Diſtance of the Earth from the 
Sun ST be made 1000, the mean Diſtance 
of Venus S d from the Sun will be 723; 


and 


I6 


Fig. 6. 


Heliocen- 


Frick and 
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and of Mercury S & 387: And if the Planets 
moved round the Sun in Circles, having 
him for their Center, the Diſtances here 
found would be always their true Diſtances; 
but as they move in Ellipſes, their Diſtances 
from the Sun will be ſometimes greater, and 
ſometimes leſs. Their Excentricities are 
computed to be as follow, vzz. 


Mercury 80 1 
Excent. of Venus 5 ee em Hos | 
Earth 169 . 


The Diſtances of the ſuperior Planets, 
VIS. C, u, and I, are found by comparing 


their true places, as they are ſeen from the 


Sun, with their apparent places as they are 
ſeen from the Earth. Let S be the Sun, the 
Circle ABC the Earth's Orbit, A G a Line 


touching the Earth's Orbit, in which we'll 
ſuppoſe the ſuperior Planets are ſeen from 


the Earth, in the Points of their Orbits &, 
*, b; and let DEF G, be a portion of a 
great Circle in the Heavens at an infinite di- 
ſtance: Then the Place of Mars ſeen from 
the Sun is D, which is called his true or 
Heliocentrick Place; but from the Earth 


Geocentrick he'll be ſeen in G, which is called his ap- 


_ 
what 


parent or Geocentrick Place. So likewiſe 
Jupiter and Saturn will be ſeen from the 
Sun in the Points E and E, their Heliocen- 
trick Places; but a Spectator from the 
Earth will ſee them in the Point of the 


Heavens G, which is their Geocentrick Place. 
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The Arches DG, EG, F G, the differences 
between the true and apparent Places of the 
ſuperior Planets, are called the Parallaxes 
of the Earth's annual Orb, as ſeen from theſe 
Planets. If thro' the Sun we draw SH pa- 


Wrallcl to AG, the Angles Ad'S, AS, 
As, will be reſpectively equal to the 


Angles DSH, E SH, and FSH; and the 
Angle AGS is equal to the Angle GSH, 
vhoſe meaſure is the Arch GH; which 
therefore will be the meaſure of the Angle 
AGs, the Angle under which the Semi- 


from the Starry Heavens. But this Semi- 
diameter is nothing in reſpect of the im- 


menſe Diſtance of the Heavens or Fixed 
Stars; for from thence it would appear un- 
well | 
from 


der no ſenſible Angle, but look like a Point. 
And therefore in the Heavens the Angle 
65S, or the Arch GH vaniſhes; and the 


| [Points G and H coincide; and the Arches 
D, EH, FH, may be conſider'd as being of 
the ſame bigneſs with the Arches DG, E G, 
IE or | 


and FG, which are the meaſures of the 
. Ad 8, A S, A E S; which Angles 


Ware nearly the greateſt Elongation of the 


[Earth from the Sun, if the Earth were ob- 


ſerved from the reſpective Planets, when 


the Line G Þ # A, touches the Earth's 


Orbit in A. The nearer any of the ſuperior 


Planets is to the Sun, the greater is the Pa- 
rallax of the Annual Orb, or the Angle 
C under 


diameter A S of the Earth's Orbit, is ſeen 
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under which the Scmidiameter of the Earth's 


Orbit is ſeen from that Planet. In Mars 
the Angle Ad'S (which is the viſible Elon- 
cation of the Earth ſeen from Mars, or 
the Parallax of the Annual Orb ſeen from 
that Planet) is about 42 degrees; ; and there- 
fore the Earth is always to the Inhabitants 
of Mars, either their Morning or Evening 
Star, and is never ſeen by them ſo far di- 
ſtant from the Sun, as we ſee Venus. The 
reateſt Elongation of the Earth ſeen from 
Jupiter, being nearly equal to the Angle 
A S is about 11 degrees. In Jaturn the 
Angle A RS is but 6 degrees; which is 
not much above + part of the greateſt 
Elongation we obſcrve in Mercury. And 
ſince Mercury is ſo rarcly ſeen by us, pro- 
bably the Aſtronomers of Saturn (except 
they have better Opticks than we have) 
have not yet diſcovered, that there is ſuch 
a Body as our Earth in the Univerſe. 

The Parallax of the Annual Orb, or the 
greateſt Elongation of the Earth's Orbit ſeen 
from any of the ſuperior Planets, being 
given; the Diſtance of that Planet from the 
Sun, in reſpect of the Earth's Diſtance from 
him, may be found by the ſame Methods 
as the diſtances of the inferior Planets were. 
Thus, to find the Diſtance of Mars from 
the Sun, it will be as the Sine of the An- 
ele Sd A is to the Radius, ſo is the Di- 
ſtance A 8, (the Diſtance of the Earth from 

the 
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the Sun) to S &, the Diſtance from the Sun 
to Mars. After the ſame manner the Di- 
ſtances of Jupiter and Saturn are alſo found. 
The mean Diſtance of the Earth from the 
Sun being made 1000, the mean Diſtances 
of the ſuperior Planets from the Sun are, 
vis. the mean Diſtance from the Sun of 


| E. 1524 141 4 
3 201 and the Excentricity 32 5 
h 9538 5 70, 


To which if you add or ſubtract their 

mean Diſtances, we ſhall have the greateſt 

5 leaſt Diſtances of thoſe Planets from the 
un. 

There are other Methods, by which the 
relative Diſtances of the Planets might be 
found; but that which has been here il- 
luſtrated, is ſufficient to evince the Certainty 
of that Problem. 

Hitherro we have only conſidered the How the 
Diſtances of the Planets in relation to one _— 
another, without determining them by any of the Pla- 
known Meaſure ; but in order to find their e e 

; : e Sun are 
abſolute Diſtances in ſome determinate Mea- compured. 
ſure, there muſt be ſomething given, whoſe 
Meaſure is known. Now the Circumference 
of the Earth is divided into 360 Degrees, 
and cach of theſe Degrees into 60 Geogra- 
phical Miles, ſo that the whole Circum- 
ference contains 21600; and by the known 
Proportion for finding the Diameter of a 


C2 Circle 


aa" 
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Circle from its Circumference, the Earth's 


Diameter will be found to be 6872 Miles, 


Parallax 
of the 
Earth's 
Semidia- 
meter. 


Fig. 7. 


and its Semidiameter 3436 Miles. The Pa- 
rallax of the Earth's Semidiameter, or the 
Angle under which it is ſeen from a certain 
Planet, may be found by comparing the 
true Place of the Planet as it would be ſeen 
from the Center of the Earth, (which is 
known by computation) with. its apparent 
Place, as it is ſeen from ſome Point on the 
Earth's Surface. Let CZA be the Earth, 
Z. C its Semidiameter, & ſome Planet, and 
BHT an Arch of a great Circle inthe Heavens, 
at an infinite Diſtance. Now the Planet ® 
will appear from the Earth's Center C, in the 
Point of the Heavens H; but a Spectator from 
the Point Z, upon the Earth's Surface, will ſee 
the ſame Object & in the Point of the Hea- 
vens B; and the Arch B H the Difference is 
equal to the Angle BOH=Z & C, the Pa. 
rallax.; which being known, the Side C © 
the Diſtance of the Planet from the Center 
of the Earth, at that time, may be eaſily 
found. Now if this Diſtance of the Planet 
from the Earth be determined, when the 
Centers of the Sun, the ſaid Planet, and of 
the Earth, are in the ſame right Line, we 
Have the abſolute Diſtance of the Planet's 
Orbit from the Earth's in known meaſure: 
then it will be, as the relative Diſtance be- 
twixt the Earth's Orbit and that of the Planet, 
is to the relative Diſtance of the ſaid Planet 
from 


— OF * A - 4 
= n 5 TRL _ as COS MITRE i pL N Oe 
& 0 as TY: 0 K 2 Fa > n - 1 * 
wh 7 2 — * Y F N 4 FN 3 1 n eee 
FL \ * - I r ä nee * - Toes 1 
2 > —& LY - ff 1 , ' 
8 d 


arth's 
Ailes, 
Pa- 
Ir the 
>rtain 
g the 
e ſeen 
ich is 
barent 
on the 
Earth, 
„and 
avens, 
net G 
in the 
r from 
vill fee 
e Hea- 
ence is 
he Pa. 
le CG 
Center 
eaſily 
Planet 
en the 
and of 
ne, we 
?lanet's 
eaſure: 
nce be- 
Planet, 
Planet 
from 


”" 


Sect. I. Of the SoLaR SysTEM. © 271 
from the Sun; ſo is the Diſtance of the 
Planet's Orbit from the Earth's in known 
Meaſure, to the diſtance of 'the ſaid Planet 
from the Sun in the ſame Meaſure : Which 
being known, the Diſtance of all the other 
Planets from the Sun may be found. For, 
it will be, as the relative Diſtance of any 
Planet from the Sun, 'is to its Diſtance from 
him in a known Meaſure ; ſo is the relative 
Diftance- of any other Planet from him, to 
its Diſtance in the ſame Meaſure, This 
may be done by finding the Diſtance of the 
Planct Mars, when he in oppoſition to 
the Sun, after the ſame manner as we find 
the Diſtance of a Trec, or the like, by two 
Stations. | | 

Let & be Mars, D the Point on the 
Earth's Superficies, where Mars is vertical, 
when he is in oppoſition to the Sun, (which 
may be exactly enough found by calculation) 
at which time let an Obſerver, at the Point 
Z, (whoſe Situation from D muſt be known) 


take the Altitude of Mars, whoſe Comple- 


ment will be the Angle & Z R; then in the 
Triangle & Z C will be given the Angle 
F Z C, the Angle C (whole Mealure is the 
Arch D Z) and conſequently the Angle 
Z & C the Parallax, and alſo the Side Z C 
the Semidiameter of the Earth; by which 
we may find C & the Diſtance of Mars from 
the Earth. The extreme Nicety required 
in this Obſervation, makes it very difficult 

| Gy 1 
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to determine the exact Diſtances of the Pla- ¶ the 
nets from the Sun; but the celebrated Dr. four 
Halley has, in the Philoſophical Tranſactions, F, 


ſhewed us a more certain Method for find - ¶ at d 
ing the Diſtances of the Planets; which is by very 
obſerving the Tranſit of Venus over the mete 


| Sun. to b. 
How the The Eye judgeth of the Magnitudes of far It at: 
—— of the diſtant Objects, according to the Quantities at ne 
Planetsare of the Angles under which they are ſeen ¶ to be 
n (which are called their apparent Magnitudes;) great 
and theſe Angles appear greater or leſs in 24 a] 

' a certain Proportion to their Diſtances, ſeque 
Wherefore the Diſtances of the Planets from Point 

the Earth, and their apparent Diameters vaſtly 
being given, their true Diameters, (and from ¶ Reaſc 
thence their Magnitudes) may be found. than 
How the Diſtances of the Planets may be ¶ biggei 
found, has been already ſhewn; their ap- the 5 
parent Diameters are found by a Teleſcope, ¶ times 


having a Machinc fixed to it for meaſuring Thi 
Fig.8. Angles, called a Micrometer. Let BD, or ¶ round 
” the Angle BAD be the apparent Diameter cities 

of any Planet, and AB, or AD, (which by mode 


reaſon of the great Diſtances of the Planets 
in reſpect of their Magnitudes) may be con- 
ſidered as being the Diſtance ot the ſaid 
Planet from the Obſerver. Now in the 
Triangle AB P, having the Sides A B, A D 
given, and the Angle A, we have alſo the 


other Angles B and D, (becauſe the Sides 
AB, A D are equal) whence the Side BD 
the 
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It alfo follows, that a ſmall Body, when 
at no great Diſtance from us, may appear 


great diſtance, tho immenſely bigger. Thus 


16d appears under the ſame Angle, and con- 
ſequently of the ſame Bigneſs from the 


Reaſon, why the Moon, 


Sect. 1. Of the SOLAR SYSTEM. 
the Diameter of the Planet may be eaſily 
found by Trigonometry. 

From hence it appeats, that the ſame body 
at different Diſtances, will ſeem to have 
very different Magnitudes: Thus, the Dia- 
metet BD will appear, from the Point E, 
to be twice as large as from the Point A. 


23 


to be equal, or even to exceed another at a 


Point A, that the Line. B D doth, tho one 
vaſtly exceeds the other. And this is they rhe 
which is much leſs 2” 40. 
| ' ; | pears big- 
than any of the Planets, appears to us vaſtly yer than 
bigger than either of them, and even to equal 2% the 
the Sun himſelf, which is many thouſand 
times greater in Magnitude. 

The Diſtances of the Planets, and Periods 
round the Sun, their Diametets and Velo- 
Cities round their own Axes, according to 


modern Computations, are as follow. 


C 4 Saturs 
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| Diſtance in 
TX, D. Miles. 

Saturn 18 N29: 167: 22777. oo. ooo 
2 * 3: | 11: 314: 121 424.000.000 
Mars 8 s | 1: 321: 23123. oo. ooo 
Earth ff o: 365: 6 81. ooo. ooo 
Venus 88 0:224:16| 59. ooo. ooo 
Mercury ) 3 o: 87: 231 32. Oo. ooo 


N Round the ok re * | 1 
Noon 7 karth (27 ©7543 | 240: 000 


WW [Periods round |Diameters | 

il their own Axes.] in Miles 
1 | "ip . . 
1 Hun 215: : © | 763.000 
4 | Saturn | ... .. I | 61.000 
we Fupiter o: 9 : 56 | 81.000 
. | iir: 0:40 | 4.440 
Earth o: 23: 56 7.970 

Fans [jo : 23: © 7.900 
D 4.240 

Moon 27: 7 : 43 2.170 


The Cauſe of Eclipfes, and Phaſes of 
the Moon, and ſome other Phenomena not 
here explained, ſhall be ſhewed when we 
come to give a Deſcription of the Orrery. 


. 


Beſides the Planets already mentioned, 


there are other great Bodies that ſometimes 

viſit our Syſtem, which are a ſort of Tem- 

porary Plancts; for they come and abide 
with 
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Sect. 1. Of the Sol AR SYSTEM. 
with us for a while, and afterwards with- 
draw from us, for a certaia ſpace of Time, 
after which they again return. Theſe wan- 
dring Bodies are called Comets. 


The Motion of Comets in the Heavens, of Comets. 


according to the beſt Obſervations hitherto 


made, ſeem to be regulated by the ſame 


immutable Law that rules the Planets; for 
their Orbits are Elliptical, like thoſe of the 
Planets, but vaſtly narrower, or more Ex- 
centrick. Yet they have not all the ſame 
Direction with the Planets, who move from 
Weſt to Eaſt, for ſome of the Comets move 
from Eaſt to Weſt; and their Orbits have 
different Inclinations to the Earth's Orbit ; 
ſome inclining Northwardly, others South- 
wardly, much more than any of the Plane- 
tary Orbits do. 

Altho' both the Comets and the Planets 
move in Elliptick Orbits, yet their Motions 
ſeem to be vaſtly different ; for the Excen- 
tricities of the Planct's Orbits are ſo ſmall, 
that they differ but little from Circles; 
but the Excentricities of the Comets are 
ſo very great, that the Motions of ſome of 
them ſeem to be almoſt in right Lines, tend- 
ing directly towards the Sun. 

Now, ſince the Orbits of the Comets are 
ſo extremely Excentrick, their Motions, 
when they are in their Perihelion, or neareſt 


Diſtance from the Sun, muſt be much ſwifter 


than when they are in their Aphelion, Or 


fartheſt Diſtance from him; which is the 


reaſon 


26 TheINTRODUCTION. Sed 
reaſon why the Comets make ſo ſhort a 
Nay in our Syſtem ; and when they diſap- A 
pear, are ſo long in returning. 
The Figures of the Comets are obſerved 
to be very different; ſome of them ſend 
forth ſmall Beams like Hair every way round 
them ; others are ſeen with a long fiery 
Tail, which is always oppoſite to the Sun. 
Their: Magnitndes are alſo very different, 
but in what Proportion they exceed each 
another, is as yet uncertain. It is not pro- 
bable, that their Numbers are yet known, 
for they have not been obſerved, with due | 
Care, nor their Theories diſcovered, but of 
late Vears. The Antients were divided in 
their Opinions concerning them; ſome ima- 
gincd that they were only a kind of Me- 
teors kindled in our Atmoſphere, and were 
there again diſſipated; others took them to | 
be ſome ominous Prodigies. But modern 
. Diſcoveries prove, that they are Worlds 
ſubject to the ſame Laws of Motion as the 
Planets are: and they muſt be very hard 
and durable Bodies, elſe they could not bear 
the vaſt Heat, which ſome of them, when 
they are in their Perihelia, receive from the 
Sun, without being utterly conſumed. The 
great Comet which appear'd in theYcar 1680, 
was within + part of the Sun's Diameter from 
+ his Surface; and' therefore its Heat muſt be 
1 va prodigiouſly intenſe beyond imagination. 
=. And when it is at its greateſt diſtance from 


the Sun, the Cold muſt be as rigid. 
SEC T: 
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H E fixed Stars are thoſe bright and 
ſhining Bodies, which in a clear Night 
appear to us every where diſperſed through 
the boundlefs Regions of Space. They are 
term'd fixed, becauſe they are found to 
keep the fame immutable Diſtance one from 
another in all Ages, without: having any of 
the Motions obferved in the Planets. The 7g, fed 
fixed Stars are all placed at ſuch immenſe Stars are 
Diſtances from us, that the beſt of Tele- png 
ſcopes repreſent them no bigger than Points, from us. 
without having any apparent Diameters. 

It is evident from hence, that all the Stars The f 
are luminous Bodies, and ſhine with their 333 
own proper and native Light, elſe they Bodies, like 
could not be ſeen at ſuch a great diſtance.“ Sun. 
For the. Satel/zts of Jupiter and Saturn, 
tho? they appear under conſiderable Angles 
through good Teleſcopes, yet are altogether 
inviſible to the naked Eye. u 7 

Although the Diſtance betwixt us and the —_ I 
Sun is vaſtly large when compared to the l, no- 
Diameter of the Earth, yet it is nothing amv 
when compared with the prodigious Diſtance of the va/ 
of the fixed Stars; for the whole Diameter 2 f 

: Of Scars. 
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of the Earth's Annual Orbit, appears from 
the neareſt fixed Star no bigget than a Point, 
and the fixed Stars are at leaſt 100,000 times 
farther from us than we are from the Sun; 
as may be demonſtrated from the Obſerva- 
tions of thoſe who have endeavoured to 
find the Parallax of the Earth's Annual Orb, 
or the Angle under which the Earth's 9 
appears from the fixed Stars. 


At ap- | Hence it follows, that tho we 3 
7 Fart, nearer to ſome fixed Stars at one time of the 


maybe con- Lear than we do at the oppoſite, and that 

fdrred by the whole Length of the Diameter of the 

1 Earth's Orbit; yet this Diſtance being ſo 

of the Hea-ſmall in compariſon with the Diſtance of the 

enn, fixed Stars, their Magnitudes or Poſitions 

cannot thereby be ſenſibly altered. There- 

fore we may always, without Error, ſup- 

poſe ourſelves to be in the ſame Centre of 

the Heavens, ſince we always have the ſame 

viſible Proſpect of the Stars without ny 
Alteration, 

If a Spectator was placed as near to any 

fixed Star, as we are to the Sun, he would 


there obſerve a Body as big, and cvery way | 


The fred like, as the Sun appears to us; and our Sun 
, would apptar to him no bigger than a fixed 
Star: and undoubtedly he would reckon the 
Sun as one of them in numbring the Stars. 
Wherefore ſince the Sun differeth nothing 
from a fixed Star, the fixed Stars may be 
reckoned ſo many Suns. | 


It 
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fixed Stars are placed at the ſame diſtance 


the neareſt fixed Star. Hence it follows, why 


| becauſe they really are ſo, but becauſe they 


the Stars that are viſible to the naked Eye, 


— m 
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It is not reaſonable to ſuppoſe that all the 
from us; but it is more probable that they f, 
are every were interſperſed thro the vaſt at vat 
indefinite Space of the Univerſe; and that Difance 
there may be as great a Diſtance betwixt any ber. 


twoof them, as there is betwixt our Sun and 
they appear to us of different Magnitudes, not 


are at different Diſtances from us; thoſe 
that are neareſt, excelling in Brightneſs and 
Luſtre thoſe that are more remote, who give 
a fainter Light, and appear (ſmaller to the Eye. 

The Aſtronomers diſtribute the Stars into ſe- 
veral Orders or Claſſes; thoſe that are neareſt he Difri- 
to us, and appear brighteſt to the Eye, are h 
called Stars of the firſt Magnitude ; thoſe ze f 
that are neareſt to them in Brightneſs and Claſſes 
Luſtre, are called Stars of the ſecond Magni- 
tude ; thoſe of the third Claſs, are ſtiled Stars 
of the third Magnitude ; and ſo on, until we 
come to the Stars of the ſixth Magnitude, 
which are the ſmalleſt that can be diſcerned 
by the naked Eye. There are infinite num- 
bers of ſmaller Stars, that can be ſeen through 
Teleſcopes; but theſe are not reduced to 
any of the ſix Orders, and are only called 
Teleſcopical Stars. It may be here obſerved, of Teleſeo- 
that tho' the Aſtronomers have reduced all rare. 


into ſome one or other of theſe Claſles ; yet 
3 We 
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The INTRODUCTION. + 
we are not to conclude from thence that all 
the Stats anſwer exactly to ſome or other of 


theſe Orders; but there may be in reality © C 
as many Orders of the Stars as they are in 3 F 
Number, few of them appearing exagely of be 
the ſame Bigneſs and Luſtre. Th 
The antient Aſtronomers, that they 2 Wo: th 
might diſtinguiſh the Stars, in regard to their = . 
Situation and Poſition to each other, di- 5 0 
vided the whole ſtarry Firmament into ſeve- *. ah 
ral Aſteriſins, or Syſtems of Stars, conſiſt- _ 
ing of thoſe that are near to one another, * " 6 
Theſe Aſteri ſins are called Conſtellations, 5 | 
and are digeſted into the Forms of ſome = a 5 
Animals, as Men, Lions, Bears, Serpents, he - 
Oc. or tothe Images of ſome known things, bg 5 
as of a Crown, a Harp, a Triangle, exc. Ih 
The Starry Firmament was divided by n th 
the Antients into 48 Images or Conſtella- ng 
tions; twelve of which they placed in that iſ E 7 
part of the Heavens wherein are the Plancs "you 
of the Planetary Orbits; which part is be 
called the Zodiach, becauſe moſt of the WE. 1 
Conſtellations placed therein reſemble ſome ro _ 
living Creature. The two Regions of the n 5 
Heavens that are on each ſide of the Zodi. 1 
ack, are called the North and South Parts of iſe; 1 
the Heavens. : 60 
The Conſtellations within the Zodzack, Wiz... 
are, 1. Aries, the Ram; 2. Taurus, the ch * 
Bull; 3. Gemini, the Twins ; 4. Cancer, particu 


the Crab; 5. Leo, the Lion; 6. Virgo, the 
Virgin; 


* 


Sect. 2. 07 the FIXED STARS. 


J. 
at al MViin; 7. Libra, the Ballance; 8. Scorpio, 
er of '"* Scorpion; 9. Sagittarius, the Archer; 
cality Io. Capricornus, the Goat; 11. Aquarius, 
re in the Water-Bearer ; and, 12. Piſces, the 
tly of Fiſbes. 1 
= The Conſtellations on the North Side Nerthbern 
they il of the Lodzack are Twenty One, vis. — 
their Irbe Little Bear; the Great Bear; the i 
, di. WD 740” ; Cepheus, a King of Ethiopia; 
> xe. oectes, the Keeper of the Bear; the 
ni. NMNorthern Crown; Hercules with his 
other, Club, watching the Dragon ; the Harp ; 
tions, 375 he SWAN ; Caſſiopera; Perſeus 3 Androme- 
come 4; the Triangle; Auriga; Pegaſus, or 
-perits, he Fly;ng Horſe ; Equuleus ; the Dolphin; 
things, * * Arrow 5 the Eagle; Serpentarius; and 
5 6. SP | e Serpent. | | 
ed bill The Conſtellations noted by the Antients Shen 
"Nella. Nen the South Side of the Zodiac, were Tg __ 
ll freen,vis. The Whale, the River Eridanus, mY 
Planes he Hare; Orion; the Great Dog; Little 
art is Dog ; the Ship Arga; Mara; the Centaur; 
F the he Cup; the Crow; the Wolf ; the Altar; 
> {ome he Southern Crown 3 and the Southern Fiſb. 
of che theſe have been lately added the follow- 
- Zodi. O- Viz. The Phenix; the Crane; the 
arts of eacock; the Indian; the Bird of Para- 
Wiſe; the Southern Triangle; the Th; Ca- 
adiack,| pcteon 3 the Flying Fiſh; Toucan, or the 
— merican Cooſe ; the Water Serpent, and 
Pancer, | che Sword Fiſh. The Aantients placed theſe 
70, the if particular Conſtellations or Figures in the 
3 Hcavens, 


Virgin ; 
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Heavens, either to commemorate the Deeds 
of ſome great Man,or of ſome notableExploit 
or Action; or elſe took them from the 
Fables of their Religion, &c. And the 
Modern Aſtronomers do ſtill retain them, 
to avoid the Confuſion that would ariſe by 
making new ones, when they compared the 
modern Obſervations with the old ones. 
Some of the principal Stars have parti- 
cular Names given them, as Syrius, Artu- 
rus, Mc. There are alſo ſeveral Stars that 
are not rcduced into Conſtellations, and' 


Unformed theſe arc called Unformed Stars. 


Stars. 


Beſides the Stars viſible to the naked Eye, 
there is a vcry remarkable Space in the Hea- 


TheGalazy vens, called the Galaxy, or Milky Way. 


Way 


o Mily This is a broad Circle of a whitiſh Hue, 


like Milk, going quite round the whole 
Heavens; and conſiſting of an infinite Num- 
ber of ſmall Stars, viſible thro' a Teleſcope, 
tho' not diſcernible by the naked Eye, by 
reaſon of their exceeding Faintneſs; yet 
with their Light they combine to illuſtrate 
that part of the Heavens where they are, 
and to cauſe that ſhining Whiteneſs. 

The Places of the Eixed Stars, or their 
relative Situations one from another, have 
been carefully obſerved by Aſtronomers, 
and digeſted into Catalogues. The firſt a- 
mong the Greeks, who reduced the Stars 
into a Catalogue, was Hypparcus, who, from 
his own Obſervations, and of thoſe who 

lived 
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lived before him, inſerted 1022 Stars into 
his Catalogue, about 120 Years before the 
Chriſtian e Era: This Catalogue has been 
Wince cnlarged and improved, by ſeveral 
earned Men, to the Number of 3000; of 
hich there are a great many Teleſcopical, 
and not to be diſcerned by the naked Eye; 
End theſe are all ranked in the Catalogue, 
as Stars of the ſeventh Magnitude. 

It may ſeem ſtrange to ſome, that there are 
no more than this Number of Stars viſible 
to the naked Eye; for ſometimes in a clear 
Night, they ſeem to be innumerable. But 
this is only a Deception of our Sight, ariſing 
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ook upon them confuſedly, without re- 
W ducing them into any Order; for there can 


whole Heavens, with the naked Eye at the 
ſame time; and if we ſhould diſtinctly view 
W them, we ſhall not find one but what is 
inſerted, upon a good Celeſtial Globe. 

Altho' the Number of Stars that can be 
diſcerned by the naked Eye; are ſo few, yet 
It is probable there are many more which 
are beyond the reach of our Opticks ; for 
thro' Teleſcopes they appear in vaſt Multi- 
tudes, every where diſperſed throughout the 
whole Heavens; and the better our Glaſſes 
are, the more of them we ſtill diſcover. The 
ingenious Dr. Hook has obſerved 78 Stars in 
the Plezades, of which the naked Eye is 
"= never 


from their vehement ſparkling, while we 


ſeldom be ſeen above 1000 Stars in the 


33 


34 


The INTRODUCTION. 


never able to diſcern above 7; and in 0. 
rion, Which has but 80 Stars in the Britiſb 
Catalogue, (and ſome of them Teleſcopical) 


there has been numbered z ooo Stars. 


An Idea of Thoſe who think that all theſe glorious 


the Uni- 


verſe, 


the boundleſs Space of the Univerſe. What 


vine Power, Wiſdom and Goodneſs amongſt 


Bodies were created for no other purpoſe, 
than to give us a little dim Light, muſt enter- 
tain a very ſlender Idea of the Divine Wiſ— 
dom ; for we reccive more Light from the 
Moon it ſelf, than from all the Stars put 
together. And ſince the Planets are ſub. 
jeck to the ſame Laws of Motion with out 
Earth, and ſome of them not only equal, 
but vaſtly exceed it in Magnitude, it is not 
unreaſonable to ſuppoſe, that they are all 
habitable Worlds. And ſince the Fixed 
Stars are no ways behind our Sun, cither 
in Bigneſs or Luſtre; is it not probable, 
that each of them have a Syſtem of Plant. 
tary Worlds turning round them, as we do 
round our Sun. And if we aſcend as far 
as the ſmalleſt Star we can ſee, ſhall we not 
then diſcover innumerable more of theſe 
glorious Bodies, which now are altogether 
inviſible to us? and ſo ad infinitum, thro 


a magnificent Idea muſt this raiſc in us of 
the Divine Being! Who is every where, 
and at all Times preſcnt, diſplaying his Di- 


all his Creatures! 
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The DESCRIPTION and USE 
of the CkLESTIAL and TRR 
REST RIAL GLOBE S. 


Globe or Sphere is a round ſolid 9here or 
Body, having every part of its Sur- — 
face equally diſtant from a Point 

N within it, called its Center; and it 

may be conceived to be formed by the 

Revolution of a Scmicircle round its Dia- 

meter. 

Any Circle paſſing through the Center 


Great 


of the Sphere, thereby dividing into two equalg;,,;. 


| 2 


Parts or Segments, is called a Great Circle; 


nd the Segments of the Sphere ſo divided, _ 
re called Hemiſpheres. HO 
5 , ſpheres. 
Every Great Circle has its Poles and Axis. 
The Poles of a Great Circle, are two? . 
Points on the Surface of the Sphere diame- 
Wrically oppolite to one another, and every 


here cqually diſtant from the ſaid Circle. 

The Axis of a Circle is a right Line Axis, 

Waſling through the Center of the Sphere, 

Pad through the Poles of the ſaid Circle; 

2 nd is therefore „ to the Plane 
hereof. 


D 2 =. 


5 
& —_ i Y 
k IS 
* 


tenances, as ſhall be deſcribed in a proper 
place, The 
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| | 9 
All Circles paſſing through the Poles of kdes 
any great Circle, interſe& it in two Places hs 
diametrically oppoſite, and alſo at right An- tuatic 
gles; and with reſpe& to the ſaid Great Cir- 3 
. cle, they may be called its Secundarzes. / Pat 
Parally All Circles dividing the Sphere into two rag 
or leſer unequal Parts, are called leſſer or parallel * 
circles. Circles, and are uſually denominated by that 3 
Great Circle, to which they are parallel. BF 
The Earth being globular, its outward Cone 
Parts, as the ſeveral Countries, Seas, Cc. point 
are beſt, and moſt naturally repreſented up- me 
on the Superficies of a Globe; and when = woul, 
ſuch a Body has the outward Parts of a} 
the Earth and Sea dclineated upon its Sur- W chro” 
face, and placed in their natural Order and L parall 
Terreſir al Situation, it is called a Terreſtrial Globe. WM hc c 
—_ The Celeſtial Bodics appear to us as if BY Heav: 
they were all placed in the ſame Concave 3 N 
Sphere; therefore Aſtronomers place the to th. 
Stars according to their reſpective Situations | indiff 
and Magnitudes; and alſo the Images of the made 
Conſtellations, upon the external Surfacc dee 
of a Globe ; for it anſwers the ſame pur. obſer 
poles as if they were placed within a con. paren 
cave Sphere, if we ſuppoſe the Globe to made 
be tranſparent, and the Eye placed in the expla 
Center. A Globe having the Stars placed theſe 
upon its Surface, as above deſcribed, b Cent 
Celeſtial called a Celeſtial Globe. Theſe Globes 10 NE 
„„ placed in Frames, with other Apput- BW pig, 


of the GLOBES. 37 
. The principal Uſes of theſe Globes, (be- 7% priver- 


* ſides their ſerving as Maps to diſtinguiſn _—_— 
. the outward Parts of the Earth, and the Si- 

18 15 tuations of the Fixed Stars) is to explain and 

By reſolve the Phænomena ariſing from the 

8 diurnal Motion of the Earth round its Axis. 

» allel It has been ſhewed in the Introduction, 

y that that the Diſtance of the Earth from the Sun, 

ET is no more than a Point, when compared 

1 with the immenſe Diſtance of the Fixed here will 


pe” Stars; therefore let the Earth be in what % he/ame 
Point ſoever of her Orbit, there will be the 7/97 of 


e ame Proſpect of the Heavens, as a Spectator Stars, whe- 
= would obſerve did he reſide in the Sun: / 
1s of Spectator 
s gur. and if ſeveral Circles be imagined to pals # placed 
thro the Center of the Earth, and others, '%* 
er and ? Earth or 
,, parallel to them, be conceived: to paſs thro in che Sun. 
a« if the Center of the Sun, theſe Circles in the 
ede Heavens will ſeem to coincide, and to paſs 
ce the! exactly thro the ſame Stars. Wherefore as 
ation to the Appearances of the Fixed Stars, it is 
of the! indifferent whether the Earth or the Sun be 
feel made the Center of the Univerſe. But 
© pap becauſe it is from the Earth that we always 
1 obſerve the Celeſtial Bodies, and their ap- 
obe ol Patent Motions ſcem to us to be really 
in the! made in the Heavens, it is more natural in 
Placed g explaining the Phænomena ariſing from 
£41 ö theſe Motions, to place the Earth in the 
* rel Center. And again, becauſe the Semidia- 
48 meter of the Earth, when compared to her 
PP Diſtance from the Sun, is of no ſenſible 


ropet * | 
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Magnitude, any Point upon the Earth's Sur- 
face, let her be in what Part ſoever of her 
Orbit, may be conſidered as being the 
Center of the Univerſe. Upon theſe Prin- 
ciples, the different Phænomena ariſin ng 
from the diurnal Motion of the Earth, and 


the different Situation of a Spectator upon An 
its Surface, are very naturally illuſtrated 5 
and explained by the Globes. 4 - 
As to the Alterations of Seaſons, Oc. 
ariſing from the annual Motion of the Earth > 
round the Sun, it is indifferent which we | t 


ſuppoſe to move, the Earth, or the Sun; MY well 
for in both Caſes the Effect will be the ſame: ¶ and « 
Wherefore becauſe it is the Sun, that appeats of th 
to us to move, we ſay the Sun is in ſuch | ſever 


a Part of the Ecliptick, without attributing ÞY calle 
any Motion to the Earth, any more than imag 
if ſhe had actually been at reſt. For the ways 
ſame reaſon we ſay, the Sun riſes, or the vens 
Sun ſets ; by which we mean, that he begins | of tt 


to appear or diſappear, without conſidering TI 
in the leaſt how theſe Effects are produced, FF Origi 
Theſe things are here mentioned, to obviate 
the Objections that are ſometimes made their 
by Beginners, after they had been told that 
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An Explanation of the Circles of the 
Sphere, and of ſome Aſtronomical 
Terms ariſing therefrom. 


N order to determine the relative Si- 
tuations of Places upon the Earth, as 
well as the Poſitions of the Fixed Stars, 
and other Celeſtial Phxnomena ; the Globe 
of the Earth is ſuppoſed to be environ d by 
ſeveral imaginary Circles, and theſe are 
called, the Circles of the Sphere. Theſe f 
imaginary Circles are either fixed, and al- Sphere. 
ways obtain the ſame Poſition in the Hea- 
vens; or moveable, according to the Poſition 
of the Obſerver. 

Thoſe Circles that are fixed, owe their 
Origin to the twofold Motion of the Earth ; 
and are the Equator, the Ecliptick, with 
their Secundaries, and Parallels. Theſe 
fixed Circles are uſually delineated upon 
the Surface of the Globes. 

The moveable Circles are only the Ho- 
ri gon, its Secundaries and Parallels: Theſe 
are repreſented by the Wooden Frame, and 
the Braſs Ring, wherein the Globe is hung, 
and a thin Plate of Braſs to be ſcrewed in 

D 4 4 
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a proper Place upon the ſaid Ring, as Oc- 
caſion requires. 


1. Of the Equinoctiial. 


The Equa- J. The Equator dr the Equinoctial, is that 


For or E- 3 
quineBial. Great Circle in the Heavens, in whoſe Plane 


the Earth performs its diurnal Motion round 


its Axis; or it is that Great Circle, parallel 
to which the whole Heavens ſcem to turn 
round the Earth from Eaſt to Weſt in 24 
Hours. 

Note, The Equator and ihe Equinoctial 
are generally ſynonimous Terms; but ſome- 
times the Equator particularly ſignifies that 
Great Circle upon the Surface of the Earth, 
which coincides with the Equinoctial in the 


Heavens. This Circle is alſo by Mariners 


commonly called the Line. 
: The Equinoctial divides the Globe of the 
Earth, and alſo the whole Heavens into two 
_—_ equal Parts, North and South, which arc 
rhern le- Called the Northern and Southern Hemi- 
mijpheres- heres. The Axis of this Circle is called 
The Axis the Axis of the World, or the Earth's Axis, 
ef th becauſe the Earth revolves about it (from 
Weſt to Eaſt) in 24 Hours. The Extremes 
Polesof „of this Axis are called the Poles of the 
world, or World, whereof that which lies in the 
of the E. Northern Hemiſphere, is called the North 
Tae. Pole, and the other is called the Saurh Pole. 
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The Equinoctial Circle is always deline- 
ated upon the Surface of each Globe, with 
its Name at length expreſſed; the Axis of 
this Circle or the Earth's Axis, is only an 
imaginary Line in the Heavens, but on the 
that Globes it is expreſſed by the Wires about 
lane which they really turn. The Poles of the 
bund World are the two Points upon the Surface 
allel of the Globe through which theſe Wires 
turn paſs; the North Pole is that which hath the 
1 24 little braſs Circle, with a moveable Index 
laced round it; and the other oppoſite to it, 
"tial is the South Pole. The Northera Hemi- 
me- ſphere is that wherein the North Pole is 
that placed, and the oppoſite one is the Southern 
arth, Hemiſphere. 
1 the The Aſtronomers divide all Circles into 
iners 360 equal Parts called Degrees, each De- 
gree into 60 equal Parts called Minutes, 
f the cach Minute into 60 Seconds, &. But be- 
two ſides this Diviſion into Degrees, the Equi- 
are noctial is commonly divided into 24 equal 
mi Parts or Hours, each Hour into 60 Minutes, 
alled cach Minute into 60 Seconds, &c. fo that 
Iris, one Hour is equal to 15 Degrees, each Mi- 
rom nute of Time is equal to 15 Minutes of a De- 
mes gree, Cc. 
the 2. All Circles conceived to paſs through 
the the Poles of the World, interſecting the 
ort h Equinoctial at Right Angles, arc with re- Hier Che | 
916. ſpect to any Point in the Heavens call'd d A. 
The Hour Circles; and alſo Circles of Aſcenſion, f, . 


De- Meridian. 


42 


The Braſs 
Meridian. 


The Hour 


Circle, 


Parallels © 


of Declina 
tion. 
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becauſe the Aſcenſion of the Heavenly Bo- 
dies, from a certain Point, arc by them de- 
termined. 

Theſe Circles are alſo with regard to 
Places upon the Earth, call'd Meridians. 

The Meridians are commonly drawn up- 
on the Terreſtrial Globe thro' every 15 De- 
grees of the Equinoctial, thereby making an 
Hour difference betwixt the places through 
which they paſs. On the Celeſtial Globe 
there are commonly drawn but two of 
theſe Meridians croſſing the Equinoctial in 
four Points equidiſtant from one another, 
thereby dividing 3 four Quadrants; 
but the intermediate ones are here ſupplied, 
and alſo upon the Terreſtrial Globe, by the 
Braſs Circle in which they are hung, which 
is therefore called the Braſs Meridian, and 
ſometimes only the Meridian; it ſerving for 
this purpoſe to all the Points upon cither 
Globe. 

There is alſo a little Braſs Circle fixed up- 
on this Meridian, divided into 24 Hours, 


Having an Index moveable round the Axis of 


the Globe to be turned to any particular 
Hour. The Uſe of this Circle is to ſhew 
the difference of Time betwixt any two 
Meridians, and is therefore called the Hour 


Circle. 


3. All Circles parallel to the Equinoctial, 
are with reſpect to any Point in the Hea- 
vens, called Parallels of Declination. So 
that, | 4. The 


. 72 111 ect: e 
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4. The Declination of any Point in the 
Heavens (as of the Sun, a fixed Star, or the 
like) is an Arch of the Meridian paſſing 
through that Point, and intercepted betwixt 
it and the Equator : and if the ſaid Point be 


„ee of the Equator, it is 


N. 3 1 Dogs 
h > North 
called 1 Cont: Declmation ries Mes 


Of the Parallels of Declination, four 
are eminently diſtinguiſhed by particular 
Names, viz. The two Tropicks, and the two Topicks 
and Polay 
Polar Circles. prone hy 
5. The Tropicks are on different ſides of | 
the Equator, each 23 Degrees and 29 Mi- 
nutes diſtant from it; that which lies in the | 
Northern Hemiſphere, is called the Tropick 7% of 
of Cancer; and the Southern one, the Tro- of Capri- 
pick of Capricorn. corn. 
Theſe Circles are the Limits of the Sun's 
greateſt Declination, and are called Tro- 
picks, becauſe whenever the Sun arrives to 
them, he ſeems to return back again towards 
the Equator. | 
6. The Polar Circles art each of them 
at the ſame diſtance from the Poles of the 
World, that the Tropicks are from the 
Equator, vig. 23* 297. That which lies near 
the North Pole, is called the Arctic Circle, Arftick 
from Arctos a Conſtellation ſituated in the ie. 
Heavens near that Place; whence alſo this 
Pole is ſometimes called the Arctict Pole. ati 
1 


0 1 
- as 7; 
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The other Polar Circle which is ſituated 


near the South Pole, is called the Antarctic 


C:rcle; becauſe its Poſition is contrary to 
the other: And the South Pole is ſome- 


Antarcticł times called the Antarcticb Pole. 


Circle. The Tropicks and the Polar Circles have 

each their Names expreſſed upon the Globes. 

II. Of the Ecliptick. 

Ecliptick. 7. The Ecliptich is that great Cirde in 
whoſe Plane the Earth performs its annual 
Motion round the Sun ; or, in which the 
Sun ſeems to move round the Earth once in 
a Year: This Circle makes an Angle with 
the Equinoctial of 23 Degrees 29 Minutes; 
and interſects it in two oppoſite Points, which 
Equinoc- are called the Equinoctial Points; and the 
rial Points two Points in the Ecliptick that are at the 

grcateſt diſtance from the Equinoctial Points, 
Solftitial are called the Solſtitial Points. The two 
Points, Meridians paſſing through thoſe Points, 
Colures. are, by way of Eminence, called Colures ; 

whereof that which paſſeth thro' the Equi- 
ice, noctial Points is called the Equinoctial Co- 

tare; and that which is at Right Angles to 


it, paſſing through the Solſtitial Points, is 
N called the Solſtitial Colure. 


„ The Ecliptick is divided into 12 equal 
e Parts called Signs, each Sign being 39 De- 
Signs, 8recs, beginning from one of the Equinoctial 

Points, and numbered from Welt to Eaſt; 
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the Names and Characters of the IL Signs 
are as follow : : VIS. 
Aries, Taurus, Gemini, Cancer, Leo, Virgo; 


1. TJ 2.0 3. 1 4. G 5.9, 6. N 
Libra, Scorpio, Sagittarius, Capricornus, Aquarius, Piſces. 


7. R898 SE 9. * 10. Vp 11. X 12. 


The firſt fix of theſe are called the Nor- Northern 
' thern Signs, and poſſeſs that half of the . 


Ecliptick which is to the Northward of the 
Equator ; beginning with the firſt Point 
of V, and ending with the laſt Point of N. 


The latter re” are called the SouthernSouthern 
Signs, becauſe they poſſeſs, the Southern . 


half of the Ecliptick, beginning at the firſt 
Point of =,andending Wh the laſt Pointof X. 

The Diviſion of the Ecliptick into Signs, 
and the Names of the Colures, are particu- 
larly expreſſed upon the Globes. 

The Signs of the Ecliptick took their 
Names from 12 Gonſtellations mentioned 
in the Introduction to be ſituated in the 


Heavens near thoſe Places. It is to be ob- 


ſerved, that the Signs are not to be con- 
founded with the Conſtellations of the ſame 
Name: For the Sign of Aries is not the 
ſame with the Conſtellation Aries; the lat- 
ter is a Syſtem of Stars digeſted into the 
Figure of a Ram; but the Sign of Aries is 
only. 30 Degrees of the Ecliptick counted 
from the EquinoQtial Point Y, (which is 
reckon'd the firſt Point inthe Ecliptick) to 
Or, it is ſome- 
times taken for all that ſpace upon the Ce- 

leſtial 
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Poles of the 


Ecliptick, 
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leſtial Globe contained between the two 
Circles paſſing through the firſt Points of 


and 8. What has been here ſaid of Aries, 
is to be noted of all the reſt of the Signs. 
The Conſtellations above mentioned were 


formerly ſituated within the Signs which 


now bear their Names; but by a ſlow Mo. 
tion of the EquinoQtial Points, being one 


Degree in 72 Years, the Conſtellation Aries 


has now got into the Sign ©, and ſo of the 
reſt. So that Piſces is now got into the 
Sign of Y; this ſlow Motion in the Heavens 
is called the Preceſſon of the Equinoxes, 
By this Motion, that Star which we now 
call the Pole Star will in-proceſs of time be 
to the Southward of London. 

The Poles of the Ecliptick are both ſitu- 
ated in tae Solſtitial Colure, at 23 Degrees, 
29 Minutes diſtance from the Pole of the 
World; and they take their Denomination 
from the Hemiſphere wherein they are placed, 

Northern 7 1 
Southern ; 
North 


Vis. that which lies in the 


miſphere, is called the 4 Sek J Pole of 


the Ecliptick. The Arctick and Antarctick 
Circles arc deſcribed by the Poles of the 
Ecliptick in the Diurnal Motion of the 
Earth round its Axis, whence it ſeems theſe 

two Circles are called Polar. 
8. All Great Circles paſſing through the 
Poles of the Ecliprick, and conſequently 
in- 


interſecting it at right Angles) are called 
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Circles of Longitude : So that 


C 
Longi 
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ircles of 
ngitude. 


9. The Longitude of any Point in the rongirude 
Heavens, (as a Star or Planet, &c.) is an Arch ny Point 


in the Hea- 


of the Ecliptick contained between the n. 


Circle of Longitude paſſing thro that Point, 
and the Equinoctial Point V. And that de- 
gree of any Sign which lies under the Cir- 
cle of Longitude, paſſing thro' any Star or 
Planet, is called the Place of that Star or 


Planet. Fe | 
Note, The dun never goes out of the 


Ecliptick, and it is not uſual to ſay the 


Suns Longitude, but we commonly ex- 


Degree, Minute, Oc. of the Ecliptick, 
which he at any time poſſeſſes. 

10. All Circles conceived. to be drawn 
parallel to the Ecliptick, are called Parallels 
of Latitude : So that, 

11. The Latitude of any Point in the 
Heavens, (as a Fixed Star, &c.) is an Arch 
of the Circle of Longitude, paſling thro? 
that Point, and intercepted betwixt it and 
the Ecliptick; or, the Latitude is the Di- 
ſtance from the Ecliptick : And if the ſaid 
Point be to the Northward of the Eclip- 
tick, it is called North Latitude; but if it be 
to the Southward, it is called South Latitude. 

Upon the Terreſtrial Globe none of the 


Place of & 
Star. 


preſs it the Sun's Place, which is that Sign, 


Latitude of 
A Star, &c. 


Circles of Longitude are deſcribed ; and 


upon the Celeſtial, they are commonly 
drawn 
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drawn thro' the beginning of every Cign; 
bur they are all ſupplied upon both Globes, 
by faſtening a thin Plate of Braſs over one 
of the Poles of the Ecliptick, and ſo as to 
be moved to any Degree thereof at plea- 
ſure. The Parallels of Latitude are alſo 
ſupplied by the Graduations upon the ſaid 
Plate, as ſhall be ſhewed in a proper place. 

We have now done with all thoſe Circles 
that are Fixed, and ſuch as are drawn upon 
the Globes themſelves ; we next proceed to 
the Moveable Circles. 


| II. Of the Horizon. 


12. The Horizon is that Great Circle 
which divides the upper or viſible Hemi- 
ſphere of the World, from the lower or 
inviſible: This Circle is diſtinguiſhed into 

two Sorts, the Sen/eble and the Rational. 
Senſiblexo- The Senſible or Apparent Horizon is that 
rizow. Circle which limits or determinates our 
Proſpect, whether we are at Land or Seca, 
reaching as far as we can ſee; or it is that 
Circle where the Sky, and the Earth or 
Water ſeem to meet. When we are on 
Terra Firma, this Circle commonly ſeems 
rugged and irregular, occaſion'd by the un- 
evenneſs of the Ground terminating our 
Proſpect ; but at Sea there are no ſuch Irre- 
gularities. The Semidiameter of this Circle 


Horizon. 
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of the Obſerver; if a Man of ſix foot high 
ſtood upon a large Plain, or the Surface of the 


Sea, he could not ſee above three Miles round. 
This Circle determines the Riſing and 


Setting of the Heavenly Bodies, and diſtin- 
guiſhes Day and Night. 
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The Rational or True Horizon is a great Rational | 
Circle paſſing thro the Center of the Earth#": 


parallel to the ſenſible Horizon, being di- 
# ſtant from it by the Earth's Semidiameter, 
Which is about 3980 Miles: This Diſtance 
| is nothing in compariſon of the immenſe 


Diſtance of the Sun and the Fixed Stars, 
therefore Aſtronomers make no diſtinction 
between theſe two Circles, but conſider the 
apparent Horizon, or that wherein the Sun 
appears to riſe and ſet, as paſſing thro' the 
Center of the Earth. 


This Circle is divided by Aſtronomers 


into four Quadrants, and each of theſe Qua- 
drants into 90 degrees, &c. The four Points 


quartering this Circle are called the Cardinal carina 
Pointe of 
the Hori- 
⁊on. 


Points, and are termed the Eaſt, Weſt, 


North and South. The Eaſt is that Point 


of the Horizon where the Sun riſes when 
he is in the Equinoctial, or on that Day 
when he aſcends above the Horizon exactly 


at ſix of Clock ; and the eſt is that Point 


of the Horizon which is directly oppoſite 
to the Eaſt, or where the Sun ſets when he 
is in the Equinoctial. The South is go de- 
grees diſtant from the Eaſt and Weſt, and 

E is 
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the Com- 


paſs. 


Zenith. 
Nadir. 


Vertical 
Circles. 


to the South. Or the North and South 


Eaſt or the Weſt : If you look towards the 


Hand, and the CROP to the Left. 
Points of Beſides the aforementioned Diviſion of 


of Obſervation, and the Poles of it are, one 


Moridian. 


Azimuth. or due North from us; and the Azimnth of 


/ 
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is towards that part of the Heavens wheneln 
the Sun always appears to us in Great Bri. 
tain at Noon; and the North is that part 
of the Heavens which is directly oppoſite 


Points of the Heavens may be found, by 
turning your ſelf directly either towards the 


South 


— c che North 


7 will be to the * 


the Horizon into Degrees, Mariners divide 
it into 32 equal Parts, which they call the 
Points of the Compaſs; to each of which 
Points they give a particular Name, com- 
pounded of the four Cardinals, according to 
what Quarter of the Compaſs is intended. 

The Center of the Horizon is the Place 


exactly over our Heads, called the Zenith; 
and the other exactly under our Feet, called 
the Nadir. | 
13. All. Circles conceived to paſs thro' 
the Zenith and Nadir, are called Vertical 
Circles, or Azimuths. Of theſe Circles, 
that which paſſes thro' the North and South 
Points of the Horizon, is called the Meri- 
dian; ſo that when any Object is upon 
the Meridian, it then bears either due South 
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any Object, is an Arch ofthe Horizon inter- 
cepted between the Vertical Circle paſſing 
thro' it, and either the North or South 
Part of the Meridian; which Part is com- 
monly ſpecifiect. 3 4 
- The Meridian paſſes thro' the Poles of the 
World, as well as thro' the Zenith and Na- 
dir, and therefore is a Secundary both of the 
Equinoctial and the Horizon: This Circle di- 
vides the Globe into the Eaſtern and Weſtern 
Hemiſpheres ; and the Poles of it are the 
Eaſt and Weſt Points of the Horizon. All 
the Heavenly Objects are during one half 
of their Continuance above the Horizon, in 
the Eaſtern Hemiſphere, and for the other 
half in the Weſtern; ſo that whenever the 
Sun arrives upon the upper part of the Mes 
ridian, it is then Noon or Mid-day, which 
is the reaſon why this Circle is called the 
Meridian ; and when he comes to the lower 
part, it is then Mid- night. | 

The Vertical Circle paſling thro' the Eaft 
and Weſt Points of the Horizon, is called 
the Prime Vertical, or Circle of Eaſt and prime per. 


Weſt : fo that when any Object is upon this . 


Circle in the Eaſtern Hemiſphere, it appears 


due Eaſt; and if it be in the Weſtern Hemis 


ſphere, it appears due Weſt. 

That Degree in the Horizon wherein any 
Object riſes or ſets from the Eaſt or Weſt 
Points, is called the Amplitude; which for Amplitude 
Riſing is called Amplitude Ortive, _ 
45 E 2 c- 
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52 The Deſcription and Uſe 
Occaſrve for Setting; which muſt be alſo 
denominated, whether it be een, or 
Southerly. 

It may be obſerved, that the Amplitude 
ind Azimuth are much the ſame; the Am- 
plitude ſnewing the bearing of any Object 
when he riſes or ſets, from the Eaſt or Weſt 
Points of the Horizon; and the Azimuth 
the bearing of any Obje& when it is above 
the Horizon, either from the North or 
South Points thereof. As for Example, if 
an Object riſes or ſets within 10 Degrees of 
the Eaſt or Weſt, ſuppoſe towards the South, 
we accordingly ſay, its Amplitude is 10 De- 
grees Southerly ; but if an Object, that is 
of any height above the Horizon ſhould 


be in the Vertical Circle paſſing thro' the 


aforementioned Point, we then ſay, its Ari 

muth,is 80 Degrees from the South, or 100 

Degrees from the North, both which Ex- 
preſſions ſignify the lame. 

14. All Circles drawn parallel to the Ho- 

rizon, in the upper Hemiſphere, are called 

Almacan- Almacanthers, or Parallels of Altitude: 


iber. So that the Altitude of any Point in the 


ude 
ä Heavens, is an Arch of the Vertical Circle 


paſſing thro that Point, and intercepted be- 
twixt it and the Horizon: and if the Object 
be upon the Meridian, it is commonly called 
er the Meridian Altitude. The Complement 
— x thc Altitude, or what it wants of 9o De- 
— 7 recs, is called the Zenith Diftance. The 
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The Horizon (by which we mean the 
Rational) is repreſented by the upper Sur- 
face of the Wooden Frame, wherein the 
Globes are placed; upon this Horizon are 
deſcribed ſeveral Concentrick Circles, the 
innermoſt of which is divided into four 
times go Degrees, beginning at the Eaſt and 
the Weſt Points, and counted both ways to 
the North and South, where they end at 90 
Degrees. The Uſe of theſe Diviſions is to 
ſew the Amplitudes of the Sun and Stars 
at their Riſing and Setting: Alſo in ſome 
convenient Place upon this Horizon, there 
is commonly noted the Points of the Com- 
paſs. Without the aforemention'd Circle, 
there is drawn the Ecliptick, with its Divi- 
ſions into Signs and Degrees, and a Circle 
of Months and Days: The Uſe of theſe 
two Circles is to ſerve as a Calendar to 
ſhew the Sun's Place at any time of the 
Year 3 and by that means to find his Place 
in the Eclipticł drawn upon the Globe it 
ſelf. 

The Vertical Circles, and the Parallels 
of Altitude, are ſupplied by a thin Plate 
of Braſs, having a Nut and Screw at one 
end, to faſten it to the Braſs Meridian in 
the Zenith Point; which being done, 
the lower End of it may be put be- 
tween the Globe it ſelf and the, inner 
Edge of the Horizon, and ſo turned round 
about to any Point required, The fiducial 

E- 3 Edgg 


y - —_— 
— — — 
— ” po 


* A m * * = - _ — 

4 Z — 1 23 4 — —— — __ = 
= — = * —. — * * —* A — — * - * _ * 

— 2 x - — — — . — LS — — — — _ . 2 5 
—— — —— * „ < ws . . a > woot od I. 
— 5 r * * — * "ROO _ EY 4 - ONS 3 —Promit 3 <LI 
— — — — — — Wo - _ a - wy 4 LEY — — AT -- 3 — 
——_— — ay WEIS LS 
oh * "IO — — — — 8 L * 
; N - 5 8 * 7 


bs. — — PR 
s * — I — 
A —— 
— wb. £ 20 
: 9 — — 5 — 
PF ; ] EN oe SR + ay anne Tra 


The Deſcription and VU ſe 


Edge thereof repreſenting the Vertical Cir- 


cles, and the Degrees upon it, deſcribing 


Huadram the Parallels of Altitude. This thin Plate . 
HAltitude. is called the Quadrant of Altitude. 


The Center of the Horizon being the 
Place of Obſervation, it is evident, that 
this Circle, and all the others belonging to 
it, are continually changed which way ſo- 
ever we move; wherefore we may ſuppoſe 


the Horizon, with its Secundaries and Pa- 


rallels, to inveſt the Globe like a Rete or 

Net; and to be moveable every way round 
jt. This is very naturally illuſtrated by the 
Globes; if we move directly North or di- 
realy South, the Change made in the Hori- 


zon is repreſented, by moving the Braſs ' 


Meridian (Keeping the Globe from turning 
about its Axis) in the Notches made in 
the Wooden Horizon, juſt ſo much as 
we trayclled. If our Courſe ſhould be due 
Eaſt or due Weſt, the Alterations made thereby 
are repreſented, by turning the Globe ac- 
cordingly about its Axis, the Braſs Meridian 
being kept fixed: and if we ſteer betwixt 
the Meridian and the Eaſt or Weſt Points, 
then we are to turn the Braſs Meridian, and 


alſo the Globe about its Axis accordingly. 


The Sum of which is, Let the Spectator 
be l in what Point ſoever of the Earth's. Sur- 


face, he'll there gravitate or tend exactly 


towards its Center, and imagine himſelf to 


be on the higheſt Patt thereof, (the uneven» | 
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neſs of the Ground not being here conſi- 
dered:) wherefore if we turn the Globe in 
ſuch a manner, as to bring the ſeveral Pro- 
greſſive Steps of a Traveller ſucceſſively to 
the Zenith, we ſhall then have the ſucceſ- 


ſive Alterations made in the Horizon, in 


every Part of his Journey. This Explication 
being well conſider d, will be of help to 
Beginners to conceive how the Earth is 
every where habitable, and how Paſſengers 
can travel quite round it: For ſince every 
thing tends towards the Center of the Earth, 
we are to conceive that Point as being the 
loweſt, and not to carry our Idea of down- 


wards any farther: Thoſe that. are diame- 


trically oppoſite to us, being as much upon 
the upper part of the Earth as we are; there 
being no ſuch thing in Nature, as one Place 
being higher than another, but as it is at a 
greater diſtance from the Center of the 
Earth, let it be in what Country ſoever. 
We have now done with all the Circles 
of the Sphere, and it may be obſerved, thar 


the Equinoctial, the Ecliptick, and the Ho. 


rigon, with theit Secundaries and Parallels, 
are all alike; and altering their Poſition, 
may be made to ſerve for one another. 
Thus, If the Poles of the World be brought 
into the Zenith and Nadir; the Equi- 
noctial will coincide with the Horizon, the 
Meridians will be the ſame with the Verti- 
cal Circles, and the Parallels of Declination 

E 4 will 
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will be the Parallels of Altitude. After the 
ſame manner, if ſhifting the Poſition we 
bring the Eclptick to coincide with the 
Horizon ; the Circles of Longitude will be 
the Vertical Circles, and the Parallels of 
Latitude and Altitude will coincide. 

The Horizon and the Equator may be 
either Parallel, Perpendicular, or Oblique 
to each other. 

15. A Parallel Sphere is that Poſition 
where the Equator coincides the Ho- 


rizon, and conſequently the Poles of the 


World are in the Zenith and Nadir: The 
Inhabitants of this Sphere (if there be any) 
are thoſe who live under the Poles of the 
World, 

16. A Right or Direct Sphere is that 
Poſition: where the Equator is perpen- 
dicular to the Horizon; the Inhabitants 

whereof are thoſe who live under the E- 
quinoctial. 

17. An Oblique Sphere i is when the Tau 
noCtial and the Horizon make Oblique An- 


gles with each other; which every where 


happens but under the#Equator and the 
Poles. 


The Arch of any Parallel or Declination 


which ſtands above the Horizon, is called 


the Diurnal Arch; and the remaining part 


of it, which is below the Horizon, is called 


the Nocturnal Arch. 
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That Point of the EqninoQtial which 
| 3 \ Fart of the Hori- 
zon, with any Point in the Heavens, is called 
the Aſccniios 2 of that Point, counted 
from the Beginning of Y; and if it be in a 
Right Sphere, the Aſcenſion or Deſcenſion 
is called Right; but if it be in an Oblique 
Sphere, it is called Oblique Aſcenſion or 
Deſcenſion. So that, 

18. The Right Aſcenſion of the Jun, Right 4. 
Moon, or any Star, Cc. is an Arch of the 
Equator contained betwixt. the Beginning 
of Y, and that Point of the Equinoctial 
which riſcs with them in a Right Sphere; 
or which comes to the Meridian with them 
in an Oblique Sphere. - 

19. Oblique Aſcenſion or Deſcenſion, is oblique 
an Arch of the Equinoctial intercepted be- 42/3 
tween the Beginning of V, and that Point 
of the Equator which riſes or ſets with any 
Point in the Heavens in an Oblique Sphere. 

20. Aſtenſional Difference is the Diffe- Aſcenſwnal 
rence betwixt the Right and Oblique Aſcen. Piferencs. 
ſion or Deſcenſion ; and ſhews how long the | 
Sun riſes or ſets before or after the Hour 
of Six. 


IV. Of the Diviſion of Time. 
The Parts that Time is diſtinguiſhed into, 


are Days, Hours, Weeks, Monthsand Tears. 
A 
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Arti- 
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A Day is either Natural or Artificial. - 
A Natural Day is the Space of Time 
aal Day. Elapſed while the Sun goes from any Meri- 
dian or Horary Circle, till he arrives to the 
fame again; or, it is the Time contained from 
Noon or any particular Hour, to the next 
Noon or the ſame Hour again: An Artrfct- 
at Day, is the Time betwixt the Sun's Riſing 
and Setting; to which is oppoſed the Night, 
that is, the Time the Sun is hid under the Ho. 

rizon. | is 
Hurt, Kc. The Natural Day is divided into 24 
Hours, each Hour into 60 Minutes, each 
Minute into 60 Seconds, c. The Artif: 
cial Days are always uncqual to all the In- 
habitants that are not under the Equator, 
except when the Sun is in the Equinoctial 
Points Y and =, which happens (according 
to our way of rcckoning) about the 1oth of 
March and 12th of September; at thoſe 
Times the Sun riſes at ſix, and ſets at ſix, to 
all the Inhabitants of the Earth. Theſe Days 
Equinozes. are Called the Equinoxes or Equinoctial Days; 
the firſt of which, or when the Sun is in 
Ferzal and the firſt Point of Aries, is called the Vernal 
Aatemnal Equinox, and the latter is called the Au- 
er. tumnal Equinox. At all other times of the 
Ycar, the Days continually lengthen or ſhor- 
ten, and that faſter or flower according as 
the Sun is nearer to or further from the Equi- 
noctial, until he arrives to either of the Jo/- 
ſtitial Points & or Y. At thoſe Times the 
Sun ſeems to ſtand till for a few Days, and 
then 
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then he begins to return with a ſlow Mo- 
tion towards the Equinoctial, ſtill haſtening 
his pace as he comes nearer to it: The Sun 
enters the Tropicks of S and Y, about the 
| 10th of our June and the 11th of December, 

which Days are ſometimes called the Sol. Sfices. 
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Summer 


ning 


Day. 


ſtices; the firſt of which we call the Summer e 
8 So/tice, and the latter the Winter Solſtice. Solſtice. 
All Nations do not begin their Day, and The die- 
reckon their Hours alike. In Great-Britain, Beg 
Frauce and Spain, and in moſt places in 
Europe, the Day is reckoned to begin at 
Midnight, from whence is counted 12 Hours 
till Noon, then 12 Hours more till next Mid- 
night, which makes a compleat Day: Yet 
the Aſtronomers (in theſe Countries) com- 
| monly begin their Day at Noon, and ſo rec- 
kon 24 Hours till next Noon, and not twice 
twelve, according to the vulgar Computation. 
The Babylonians began their Day at Sun- Babyloniſk 
rifing, and reckoned 24 Hours till he roſe 
again: this way of Computation we call the 
# Babyloniſh Hours. In ſeveral parts of Ger- 
many they count their Hours from Sun-ſet- 
ting, Calling the firſt Hour after the Sun has 


Hours. 


ſet, the firſt Hour, &c. till he ſets the next 


| Day, which they call the 24th Hour: theſe 
are commonly called the Italian Hours. Italian 
According to both theſe ways of Computa- -I. 
tion, their Hours are commonly either a 
| little greater or leſs than the r part of a na- 


tyral Day, in proportion as the Sun riſes or 
- ſets 


the 
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Jewiſh 


Hours. 


Planetary 
Hours. 


A Witek. 


and ſo take it by turns. 
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The Deſcription and Uſe 

ſets ſooner or later in the ſucceeding Days: 

They have alſo this Inconvenience, that 

their Mid-day and Mid-night happen on 

different Hours, according to the Seaſons of 
the Year. 

The Fews and the Romans formerly, di- 

vided the Artificial Days and Nights each 

into 12 equal parts; theſe are termed the 


Jewiſb Hours, and are of different Lengths 


according to the Seaſons of the Year; 2 
Jewiſh Hour in Summer, being longer than 


one in Winter, and a Night Hour ſhorter, 


This Method of Computation is now in 
uſe among the Tyrks,: and the Hours are 
ſtyled, the jir/# Hour, ſecond Hour, &c. of 


the Day or Night; ſo that Mid- day always 


falls upon the ſixth Hour of the Day. Theſe 
Hours are alſo called Planetary Hours; be. 
cauſe in every Hour one of the Seven Planets 
were ſuppoſed to preſide over the World, 
The firſt Hour af. 
ter Sun- riſing on Sunday was allotted- to the 
Sun; the next to Venus; the third to Mer- 
cury; and the reſt in order to the Moon, Ca- 
turn, Jupiter, and Mars. By this means 
on the firſt Hour of the next Day, the Moon 
preſided, and fo gave the Name to that Day; 
and ſo ſeven Days by this Method had 
Names given them from the Planets that 

were ſuppoſed to govern on the firſt Hour. 
A Week is a Syſtem of ſeven Days, in 
which cach Day is diſtinguiſhed by a dit- 
ferent 
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ferent Name. In moſt Countries, theſe 
Days are called after the Names of the Se- 
yen Planets, as above noted. All Nations 


that have any Notion of Religion, lay apart 


one Day in ſeven for publick Worſhip ; the 


Day ſolemnized by Chriſtians is Sunday, or 
the firſt Day of the Week, being that on 
8 which our Saviour roſe from the Grave, on 


OY Yo ESRI 
r 


vhich the Apoſtles afterwards uſed more par- 


ticularly to aſſemble together to perform 
divine Worſhip. The Jews obſerved Sa- 
turday, or the ſeventh Day of the Week, for 
their Sabbath or Day of Reſt, being that ap- 
pointed in the fourth Commandment under 


the Law. The Tarks perform their Religi- 
_ ous Ceremonies on Friday. TT 
A Month is properly a certain ſpace of 4 Month. 


Time meaſured by the Moon in its Courſe 
round the Earth, 


A Lunar Month is cither 
Periodical or Synodical. 


Hours: And a Synodical Month is the Time 


betwixt one New Moon and the next New 
Moon, which is commonly about 294 Days. 


| But a Civil Month is different from theſe, 


and conſiſts of a certain Number of Days, 
fewer or more, according to. the Laws and 
Cuſtoms of the Country wherein they arc 


| obſcryed, 


The 


no 


61 


A Periodical Periodical 
| Month is that Space of Time the Moon **45y- 
takes to perform her Courſe flom one Point 
of the Ecliptick till ſhe arrives to the fame 
again; which is 27 Days and ſome odd 


dical 
Months. 
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A Year Sy- 


dereal and 
Tropical. 


The Deſcription and Ufe 


The compleateſt Period of Time. is 2 


Tear, in which all the Variety of Seaſons 
return, and afterwards begin a-new. A 
Tear is either Aſtronomical or Civil. An 
Aſtronomical Tear is either a_Jyderea|, 
wherein the Sun departing from a fixed Star, 
returns to it again; or, Tropical, which i; 
the ſpace of Time the Sun takes to perform 
its Courſe from any Point of the Ecliptick 
till he returns to it again. | 

A Tropical Tear conſiſts of 365 Days 
5 Hours, and 49 Minutes; this is the Time 
in which all the Seaſons compleatly return, 
which is a ſmall matter leſs than a Sydereal 
SE. - 

The Civil Tear is the ſame with the Py. 
litical eſtabliſhed by the Laws of a Coun- 
try, and is either moveable or immoveablc, 
The moveable Year conſiſts of 365 Days, 
being leſs than the Tropical Year by almoſt 
ſix Hours; and is called the Egyptian Tear, 
becauſe obſeryed in that Country. 

The Romans divided the Year into 12 K+ 
lendar'Months, to which they gave*particu- 
lar Names, and are ſtill retained by moſt of 
the 3 Nations, Vis. January, Fi. 
bruary, March, April, May, June, Fuh, 
Auguſt, September, October, November, 
and December. The Number of Days in 
cach Month may be known by the follow- 
ing Verſes: . 
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Thirty Days hath September, 
April, June, and November; 
February hath Twenty Eight alone, 
And all the reſt have Thirty One. 


The Year is alſo divided into four Quarters 
or Seaſons, vis. The Spring, Summer, Au- 
tumn and Winter. Theſe Quarters are pro- 
perly made when the Sun enters into the 


Equinoctial and Solftitial Points of the 


Ecliptick : But in Civil Uſes they are dif- 


ferently reckon'd according to the Cuſtoms 


of ſeveral Countries. In England we com- 
monly reckon the firſt Day of January to 
be the firſt in the Year, which is therefore 
vulgarly called Newyear's-Day ; but in Po- 
litical and Eccleſiaſtical Affairs, the Year is 


| reckoned to commence on Lady Day, 
which is the 25th of March; and trom 
| thence to Midſummer Day, which is the 
Y 24th of June, is reckoned the firſt Quar- 


ter; from Midſummer Day to Michaelmas- 


| Day, which is the 29th of September, is 


the ſecond Quarter; the third Quarter 
is reckon'd from Mzchaelmas-Day to 
Chriſtmas-Day, which is the 25th of De- 
cember ; and from Chriſtmas Day to La- 
dy-'Day, is reckoned the laſt Quarter in 
the Year. In common Affairs, a Quar- 


| ter is reckoned from a certain Day to the 


ſame in the fourth Month following. 


| Sometimes a Month is reckoned four 


C Weeks 
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The Deſcription and Uſe 
Weeks or 28 Days, and ſo a Quarter 
12 Weeks, To all the Inhabitants in the 

* Aber ky Hemiſphere, their Midſummer 
is properly when the Sun is in the Tropick 
of 3 N 7 and their Midwinter at 
the oppoſite Time of the Year. But thoſe 
who live under the Equinoctial, have two 
Winters, vig. when the Sun is in either 
Tropick ; tho' indeed properly, there is no 
Seaſon that may be called Winter in thoſe 

The Egyptian Year of 365 Days, being 
leſs than the true Solar Year, by almoſt fix 
Hours, it follows that four ſuch Years are 
leſs than four Solar Years, by a whole Day; 
and therefore in 365 times four Years, that 
is, in 1460 Years, the beginning of the 
Years move through all the Seaſons. To 
remedy this Inconveniency, Julius Ceſar 
(conſidering that the ſix Hours which remain 
at the end of every Year, will in four Years 
make a Natural Day) ordered that every 
fourth Year ſhould have an intercalary Day, 
which therefore conſiſts of 366 Days; the 
Day added was put in the Month of Febru- 
ary, by poſtponing St. Matthias's Day, 
which in common Years falls on the 24th, 
to the 25th of the ſaid Month: all the fixed 
Feaſts in the Year from thenceforwards fal- 
ling a Week-day later than otherwiſe they 
would, | AC- 
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we now call the Leap-year. 


ter; Divide it by four, and the remainder, 


Ireland, and ſome of the Northern Parts of 


the Old Style. 
_ Cæſar for the Length of a Solar Style. 
Lear is too much; for the Sun finiſhes his 
Courſe in theEcliptickin 365 Days, 5 Hours, 
and 49 Minutes, which is 11 Minutes lefs 
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According to the Roman way of reckon- 2 
ing, the 24th of February was the ſixth of ren. 
the Kalends of March, and it was ordered 
that for this Year there ſhould be two ſixths, 
or that the ſixth of the Kalends of March 
ſhould be twice repeated; upon which ac- 


count the Year was called Biſſextile, which, 


To find whether the Year of our Lord bet 
L or the firſt, ſecond, or third af- 


if there be any, ſhews how many Years it is 
after Leap Vear; but if there be no Remaind- 
er, then that Year is Leap Vear: Or, you 
may omit the Hundreds and Scores, and di- 
vide the reſidue by 4. Examp. 1731, omit- 
ting the Hundreds and the Twenty, I divide 
the reſidue 11 by 4, and the remainder 3 . 
it to be the third after Leap-Vear. 

This Method of reckoning the Year, vis. 
making the common Year to conſiſt of 365 
Days, and every fourth Year to have 366 
Days, is now uſed in Great-Britain and 


Europe, and is called the Julian Account or — Ace 
count, or 


But the Time appointed by % Gig 


than the Civil Lear; and therefore he again 
Begins his Circuit 11 Minutes before the 
i Civil 
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Civil Vear is ended: And ſo much being 
gained every Year, amounts in 131 Yeats: 
to a whole Day. So that if the Sun in any 
Year entered the Equinox upon the 20th of 
March at Noon, after the Space of 1 31 Years, 
he'll enter the ſame Point on the ſame Hour: 
of the 19th of March. And therefore the 


Equinoxes will not always fall on the ſame 


Day of the Month, but by degrees will 
move towards the beginning of the Lear. 
At the Time of the Council of Nice, 
(when the Terms were ſettled for Obſerv- 
ing of Eaſter) the Vernal Equinox fell up- 
on the 21ſt of March; but by its falling 
backwards 11 Minutes every Lear, it was 
found that in Anno 1582, when the Kalen- 
dar was corrected, the Sun entered the Equi · 
noctial Circle on the 11th of March, having 
departed ten whole Days from its former 
Place in the Year : And therefore Pope Gre- 
gory the XIIIth deſigning to place the Equi- 
noxes in their former ſituation with reſpect 
to the Year, took theſe ten Days out of the 
Kalendar, and order'd that the Elcventh of 
March ſhould be reckon'd as the T wenty- 
firſt: And to prevent the Seaſons of the 
Year fromgoing backwards for the future, he 
ordered that every Hundredth Year, which 
in the Julian Form was to be a Biſſextils, 
ſhould be a common Year, and conſiſt only 
of 365 Days; but that being too much, 
every fourth Hundred was to remain Bz{ex- 
tile. This Form of reckoning being eſta- 
| bliſhed 
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blihed by the Authority of Pope Cre- 
gory XIII. is called the Gregorian Account, 
or the New Style; and is obſerved in all 
the Countries where the Authority of the 
Pope is acknowledged, and likewiſe, by ſeye- 


ral Nations of the Reformed Religion. There 


being now above a Hundred Years paſt, ſince 
this Reformation was made in the Kalendar, 
the Gregorian Account has accordingly bor 
before- the Fulian one Day more tha 
was at the time of its Inſtitution, che Dit 
ference between theſe two Accounts being 
now eleven Days; ſo that the firſt Day of 


any Month, according to our way of reckon- 


ing, is the 12th of the ſame Month accord- 
ing to the New Style. 


I ſhall conclude this Section with a brief 


Account of the Atmoſphere. | 


07 


Gregorian 


Account, or 


Newstyle. 


The Atmoſphere is that thin Body of Afr Ame: 


which ſurrounds the Earth, in which the * 


Clouds hover, and by which i in their deſcent 
they are broke into Drops of Rain; which 
ſometimes, according to the warmth or cold- 
neſs of the Air, are froze. into Syow, or 


Hailſtones. Thunder and Lightning 


Are 


ſphere. 


alſo made in the Atmoſphere ; and Wind 


is nothing elſe but a Percuſſion of the Air, 


occaſion d by its different Denſity i indifferent 
Places. 


The Benefits we receive from the 
Atmoſphere are innumerable; without Air 


no eatthly Creature could live, as is plainly 
proved by Feine made by the Air- 


9 ; 
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Pump; and the Wholcſomeneſs of a Cli- 
mate chiefly depends upon that of its Air: 
If there was no Atmoſphere to reflect the 
Rays of the Sun, no part of the Heavens 
would be lucid and bright, but that where- 
in the Sun was placed; and if a Spectator 
ſhould turn his Back towards the Sun, he 
would immediately perceive it to be quite 
dark, and the leaſt Stars would be ſeen 
ſhining as they do in the cleareſt Night; 
and the Sun immediately before his ſetting 
would ſhine as brisk as at Noon, but in a 
Moment, as ſoon as he got below the Hori- 
zon, the whole Hemiſphere of the Earth 
would be involved in as great a Darknels, as 
if it were Midnight. 

But by means of the Atmoſphere, it Fl 
pens that while the Sun is above the-Ho- 
rizon, the whole Face of the Heavens is 
ſtrongly illuminated by its Rays, ſo as to 
obſcure the faint Light of the Stars and ren- 
der them Inviſible; and after Sun-ſctting, 
though we receive no direct Light from 
him, yet we enjoy its reflected Light for 
ſome Time: for the Atmoſphere being 
higher than we are, is a longer Time before 
it is withdrawn from the Sun, (as if a Man 
was to run up to the Top of a Steeple, he 
may ſee the Sun after it had been ſet to thoſe 
at the Bottom.) The Rays which the At- 
moſphere receives from the Sun, after he is 

withdrawn from our Sight, are by Refraction 
faintly 
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faintly tranſmitted to us; until the Sun 
having got about 18 Degrees below the 
Horizon, he no longer enlightens our 


Atmoſphere, and then all that Parr thereof 


which is over us becomes dark. After the 
ſame manner, in the Morning, when the 
Sun comes within 18 Degrees of our Hori- 
zon, he again begins to cnlighten the At- 
moſphere, and ſo more and more by de- 
grees, until he riſes and makes full Day. 
This ſmall Illumination of the Atmoſphere, 
and State of the Heavens between Day and 


Night, is called the Twilight, or the Cre- Twilight, 
| puſculum. 2 


The Duration of Twilight is a in 


different Climates, and in the ſame Place 


at different Times of the Year. The Be- 
ginning or Ending of Twilight being accu- 
rately given, we may from thence eaſily find 
the Height of the Atmoſphere, which is not 
always the ſame. The mean Height of the 


Atmoſphere is computed to be about 40 


Miles; but it is probable, the Air may ex- 
pand it ſelf a great deal further, there being 
properly no other Limits to it, as we can 
conceive, but as it continually decreaſes in 
Denſity the farther remote it is from the 
Earth, in a certain Ratio; which at laſt, as 
to our Conception, muſt terminate. 
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GEOGRAPHICAL DEFINITTONS: 


Of the Situations of Places upon 


the Earth ; of the different Situ- 
ations of its Inhabitants 3 of Zones 
and Climates. 


HE Situation of Places upon the Earth 
are determined mY their Latitude 


arid Longitude. 
1. The Latitude of afiy Place (upon the 
Earth) is its neareſt Diſtance, either North 


or South, from the Equator; and if the 


Northern [2 av auelg 
— Hemiſphere, 


42 2 | r 1 
it is accordingly called$ — — + Latitude; 
and is meaſurcd by an Arch of the Meridian 


paſſing thro the Zenith of the ſaid Place, 


Place be in the 


and intercepted betwixt it and the Equator. 


And all Places that lie on the ſame Side, 
and at the ſame Diſtance from the Equator, 
are ſaid to be in the ſame Parallel of Lati- 
aa The Parallels of Latitude in Geogra- 
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| gy being the ſame with the Parallels of 
| Declination in Aſtronomy. . 


From this Definition ariſe the following 


| Corollaries. 


(..) That no Place can have above oo De- 
grees of Latitude, either North or South. 
(.) Thoſe Places that lie under the 7 5 


noctial (or thro which the Equator paſſes) 
have no Latitude, it being from thence” 


that the Calculation of Latitude is counted. 
And thoſe Places that lie under the Poles 


| have the greateſt Latitude, thoſe Points 
being at the greateſt diſtance from the E- 
| quator. | 2195 


(.) The Latitude of any Place 0 always 


equal to the Elevation of the Pole in the 
ame Place, above the Horizon; and is 


| therefore often expreſſed by thePole's Height, 
| or Elevation of the Pole: The reaſon 4 
' 


which is, becauſe from the Equator to 


| Pole, there is always the Diſtance of go 


Degrees, and from the Zenith to the Hori- 
ron the ſame Number of Degrees, earch 
of theſe including the Diſtance from the Zs. 
nith to the Pole That Diſtance therefore 
being taken away from both, will leave the 
Diſtance from the Zenith to the Equator, 
(which is the Latitude) equal to the Di 
ftance from the Pole to the Horizon. | 
(4.) The Elevation of the Equator in any 
Place, is always equal to the Complement 
F the Latitude of the ſame Place. © 
5 F 4 50 
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as is her Diftance ſailed. grap 
Difference 2. Difference of Latitude is the neateſt Lon 
Latitude. Diſtance bet wixt any two Parallels of La. mor 
titude, ſhewing how far the one is to the the 
Northward or Southward of the other; thei! 

which can never exceed 180 Degrees. And gen: 

when the two Places are in the ſame Hemi- to b 

ſphere (or on the ſame Side of the Equator) and 


the lefler Latitude ſubtracted from the And 
greater, and when they are on different tude 
Sides of the Equator, the two Latitudes T his 


added, gives the difference of Latitude. tude 
Longitude: 3. The Longitude of any Place (upon ſary, 
the Earth) is an Arch of the Equator, con- of a 
tained betwixt the Meridian of the given it is 
Place, and ſome fixed or known Meridian: | 
or, it is equal to the Angle formed by the 20 
two Meridians; which properly can never follc 
exceed 180 Degrees, tho', ſometimes the iſ I. 
Longitude is counted Eaſterly quite round or & 
the Globe, 0 nuai 
Since the Meridians are all moveable, the 
and not one that' can he fixed .in the Hea- iai 
vens, (as the Equinoctial Circle is fixed, Pla 
from whence the Latitudes of all Places 4 


are determined to be ſo much either North of 1 
or ſaia 
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or South) the Longitudes of Places can- 


not ſo well be fixed from any one Meri- 
dian; but every Geographer is at his liberty 


to make which he pleaſes his firſt Meridian, 


from whence to, calculate the Longitudes 
of other Places. Hence it is, that the Geo- 
graphers of different Nations, reckon their 
Longitudes from different Meridians, com- 


monly chuſing the Meridian paſſing thro” 


the Metropolis of their own Country for 


their firſt; Thus, the Engliſb Geographers 
generally make the Meridian of London 
to be their firſt; the French, that of Paris; 


and {the Dutch, that of Amſterdam, c. 
And Mariners generally reckon their Longi- 
tude from the laſt known Land they ſaw. 


This arbitrary way of reckoning the Longi- 
rude from different Places, makes it neceſ- 
ſary, whenever we expreſs the Longitude 
of any Place, that the Place from whence 
it is counted be alſo expreſſed. 


From the preceding Definitions ariſe the 


following Corollaries. 


1. JJ a Body ſbould ſteer directly North, 
or South; quite round the Globe, he ll conti- 


nually change his Latitude; and paſs thro 


the two Poles of the World, without de- 
viating the leaſt from the Meridian of the 
Place he departed from; and conſequently 


at his return, will not differ in his Account 


of Time from the People reſiding in the 


ſaid Place. . 
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2. If a Body ſhould ſteer round the Globe, 
either due Eaſt or due Weſt, hell continn- 
ally change his Longitude, but will go quite 
round without altering his Latitude; and 
if his Courſe ſhould be due Eaſt, hell gain 
4 Day compleatly in his reckoning, or reckon 
one Day more than the Inhabitants of the 


Place from whence he departed : and if 


His Courſè had been Meſt, he would have 
loſt one Day, or reckoned one leſs. © 
The Reaſon of which is evident: For, 
admitting our Traveller ſteers due Eaſt fo 
many Miles in one Day, as to make his 
Difference of Longitude equivalent to a 
quarter of an Hour of Time ; it is evident, 
that the 'next Day the Sun will riſe to him 
a quarter of an Hour ſooner, than to the 
Inhabitants of the Place from whence he 
departed: and ſo daily, in proportion to the 
rate he travels, which in going quite round 
will make up one Natural Day. In like 
manner, if he ſteers due Weſt. after the 
fame rate, he'll lengthen each Day a Quarter 
of an Hour, and conſequently the Sun will- 
riſe to him ſo much later every Day; by 
Which means, in going quite round, hell 
Joſe one Day compleat in his reckoning. 
From whence it follows, | 
3. If two Boates ſhould ſet out from the 
fame Place, one ſteering Eaſt, and the other 
Weſt, and ſo continue their Courſes quite 
round, until they arrive at the ba vi 
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whence they ſet out, they ll tifer t * 3 


in their Reckoning at the Th ime ＋ wann 


return. 

0. If @ Body ſhowld ſteer upon. an Oblique 

Courſe (or any where — the Meridian 

and the Eaſt or Weſt Points) bell conti- 
nually chan 6 both Latitude and Longi- 


| tude, and that more or leſs, according to 


the Courſe he ſteers; and if he ſhould. go 
quite round the Globe, hell differ in his 


| Account of Time, as by the 24 Corol. 


5. The People reſiding in the E aftermoſt 


| of any two Places, will reckon their Time 
! /o much the ſooner than thoſe who liue in 
| the other Place, according to the Diffe= 


be 


rence bf OY betwixt the two Places, 
ur fer every 15 Degtees; Kc. 
and the contrary. X 1 10 


Il. Of Zones and Climates, Ke. 


5. Zones are large Tracts of the Gat, Kane 150 
of the Earth, diſtinguiſhed by the Tropicks” 1 
and Polar Circles; being five in Number, Bad 
vi g. one en two 7 emperate, and two 
Frigid. | 

"The Torrid or Burning Zone is al the 


Space comprehended between the two Tro- 


picks; the Antients imagined this Tract of 
the Earth to be uninhabitable, becauſe of 
the exceſſive Heat, it being ſo near the Sun. 
err N Inhabitants of the TONER 1 

aVe 
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have the Sun in their Zenith, or exactly 


over their Heads, twice in every Lear; ex. 
cepting thoſe who live exactly under the 


two Tropicks, where the Sun comes to 
their Zenith only once in a Year.: 

The two Temperate Zones lie on either 
Side of the Globe, between the Tropicks 
"_ the Polar Circles. 

The two Frigid Zones are thoſe Spaces 
1 the Globe that are included within 
the two Pol ar Circles. 

The Inhabitants of the Earth are alſo diſtin. 
guiſhed by the Diverſity of their Shadows. 
Thoſe who live in the Torrid Zone, are 
Amphiſci- called Amphiſcians; becauſe their Noon- 
_ Shadow is caſt different Ways, according as 
the Sun is to the Northward or Southward 
of their Zenith: But when the Sun is in 
their Zenith, they are called Aſcians. 
The Inhabitants of the. Temperate Zones, 
Heteroſci- are called Heteroſcians, becauſe their Noon- 
. shadow is always caſt the ſame way: But 
 Aſcians thoſe who live under the Tropicks are called 
Hereroſci-. Aſtians Heteroſcians: Thoſe who live in 
ang elan, the Frigid Zones are called Periſcians, be. 
cauſe ſometimes their Shadow is calt. round 
about them. 

Theſe hard Names are only Greek Words, 
importing how the Sun caſts the Shadow of 
the ſeveral Inhabitants of the Earth; which 
would be a too trifling diſtinction to be 
made here, was it not for the ſake of com- 
plying with Cuſtom. The 
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The Inhabitants of the Earth, are alſo 


diſtinguiſhed into three Sorts, in reſpect to. 


their relative Situation to one another; and 
theſe are called, the PIE) Antec), and 


| 1 


- 
- 

1 1 

rte 


5. The Periæci are thoſe m live under Periz, 


oppoſite Points of the ſame Parallel of La: 
They have their Seaſons of the 
Year at the ſame Time, and their Days and 
Nights al ways of the ſame Length with one 


ether; ; but the one's Noon is the others 


Midnight: and when the Sun is in the E- 
quinoctial, he riſes with the one, when he 
ſets with the other. Thoſe who live under 
the Poles have no Pericc i. it 


6. The Antec: live under the FOR Me: Antacd; 


ridian, and in the ſame Latitude, but on dif- 


ferent Sides of the Equator ; their Seaſons 


of the Year are contraty, and the Days of 
the one are equal to the Nights of the other: 
but the Hour of the Day and Night is the 
fame with both; and when the Sun is in 
the Equinoctial, he riſes and ſets to both 
exactly at the ſame time. Thoſe who live 


under the Equator have no Antæci. 


7. The Antipodes are thoſe who live dia- Autipoden. 


metrically oppoſite to one another, ſtanding, 
as it were, exactly feet to feet: Their Days 


and Nights, Summer and Winter, are at 


direct contrary Times. 
The Surface of the Earth is by ſome di- 
ſtinguiſned into Climates. 5 
| 4 
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climate. 8. A Climate is a Tract of the Surſace atk 
Earth, included between two ſuch Parallels 
of Latitude, that the Length of the longeſ 
Day in the one, exceeds: that in the other 


by half an Hour. 


The whole Surface of the Earth, is conſi. 
dered as being divided into 60 Climates, 
vig. from the Equator to each of the Pola 
Circles 24, ariſing from the Difference of 
2 Hour in the length of their longeſt Day;; 
and from the Pilar Circles to the Poles 
themſclyes are ſix, ariſing from the diffe 
rence of an entite Month ; the Sun being 
ſeen in the firſt of theſe, a whole Month 
without ſetting; in the ſecond, two; ani 
in the third, three Months, Oc. Theſe Cli. 
mates continually dectreaſe in Breadth the 
farther they are from the Equator. Hoy 
they art framed, vig. the Parallel of Lati- 
tude in which they end (that being like. 
wile the Breadth of the next) with the re 
ſpeQiveBreadth of cach of en by a 
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A TABLE of the CLIMATES. 
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III. Of the Poetical Riſing and m 
1 * F the Stars. Oo A *7* 


a i A042 JORT 2 ll * 
The Antient Poets make frequent men- 
tion of the Stars Riſing and Setting, either 
! Cofmical, Coſinically, Achronically, or. S. 
1 whence thefe Diſtinctions are called 
cal riſmg erical. 
alen. A Star is ſaid to Riſe. ot Set Coſmically, 
when it riſes or ſets at Sun-riſing; and when 
it riſes or ſets at Sun, letting, it is ſaid to 
riſe or ſet Achronically. A Star, riſes He. 
Hiacally when firſt it becomes viſible, after 
it had been ſo near the Sun as to be hid 
by the Splendor of his Rays: Anda Star is 
ſaid to ſet Heliarally, when tis fitſt im. 
— merſed, or hid by the Sun's Rays. 
+ TRE Fixed Stars, and the three ſuperior 
Planets, Mars, Fupiter,. and Saturn, tile 
Heliacally in the Morning: but the Moon 
riſes Heliacally in the Evening; becauſe the 
Sun is [wifter than the ſuperior Planets, and 
flower than the Moon. 
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as it is compoſed of Land and Water. 


| | The Earth confi lis naturally of two 
f Land and Water ; and therefore 
it is called the Terraqueous Globe. Each 


of theſe Elements are ſubdivided into 
Various 
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various Forms and Parts, which accordingly 
are diſtinguiſhed by different Names. 


1. Of the Land. 


The Land is diſtinguiſhed into Continents, 
1/lands, Peninſula s, Iſthmus's, Promonto- 
rzes, Mountains, or Coaſts. 


9. A Continent is a large Quantity of Continene. 


Land, in which many great Countries are 
joined together, without being ſeparated 
from each other by the Sea: Such are Eu- 
rope, Aſia, Africa, and the Vaſt Continent 


of America; which four are the principal 


8c 


Diviſions of the Earth. A Continent is 


ſometimes called the Mazn Land. 

10. An I/and is a Country, or Portion 
of Land environed round with Water: 
Such are Great Britain, and Ireland; Far- 
dinia, Sicily, &c. in the Mediterranean Sea; 
the Jes of Wight, Angleſey, Cc. near 
England. Alſo a ſmall part of dry Land 


in the midſt of a River, is called an Iſland. 


Sometimes a large Ifland, when compared 
to a leſſer, is called the Continent; as if 
we compare the J%% of Wight to England, 
the latter may be properly called the Con- 
tinent. 


Main Land. 


Ii. A Peninſula is a Part of Land almoſt Peninſula. 


environed with Water, ſave one narrow 
Neck adjoining it to the Continent; Or, 
which is almoſt an Iſland. Such is Den. 

G mark 
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mark joining to Germany; allo Africa is 
properly a large Peninſula joining to Aſia. 
mus. 12. An Iſthmus is a narrow Neck of Land 
joining a Peninſula to the Continent; as 
the Iſthmus of Sues, which joins Africa to 
Aſia; that of Panama joining North and 
South America, &c. 
Promon- 13. A Promontory is a high Part of Land 
%%, Afiretching out into the Sea; and is often 
called a Cape, or Headland: Such is the 
Cape of Good Hope, in the South of Africa; 
Cape Finiſtre on the Weſt of Spain; allo 
the Lizard Point, and the Lands End, 
are two Capes or Headlands on the Weſt of 
Mountain England. A Mountain is a high Part of 
Land in the Midſt of a Country, over- top 
ping the adjacent Parts. 
4 ef or 14. A Coaſt or Shore is that Part of Land 
which borders upon the Sea, whether it be 
in Iſlands or a Continent : And that Part of 
the Land which is far diſtant from the Sea, 
Inland. js called the Inland Country. Theſe are the 
uſual Diſtinctions of the Land. 
The Water is diſtinguiſhed into Oceans 
Seas, Lakes, Gulfs, Streights, and Rivers. 
The Ocean 15, The Ocean or Main- Sea, is a vaſt 
3 ſpreading Collection of Water, not divided 
or ſeparated by Lands running between: 
Such is the Allantick or Meſtern Ocean, 
between Europe and America; the Pacifick 
Ocean or Jonuih-Sea, Cc. | 
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Note, Thoſe Parts of the Ocean, which 
border upon the Land, are called by various 
Names, according to thoſe of the adjacent 
Countries; as the Britiſb dea; the Iriſh dea; 
the French and Spaniſh Sea. 7. 
16. A Lake is a Collection of deep ſtand- A Lale. 
ing Water, encloſed all round with Land, 
and not having any viſible and open Com- 
munication with the Sea: But when this 
Lake is very large, it is commonly called a 
Sea, as the Caſpian Sea in Aſia, &c. 
17. A Gulf is a Part of the Sea almoſt 4 Gul. 
encompaſſed with Land, or, that which runs 
up a great way into the Land ; as the Gf 
of Venice, &c. But if it be very large, tis 
rather called an Inland Sea; as the Baltick 


Sea, the Mediterranean Sea, the Red Sea, 


or the Arabian Gulf, &rc. And a ſmall 
Part of the Sea thus environed with Land, 
is uſually called a Bay. If it be but a very 
ſmall Part, or as it were, a ſmall Arm of 
the Sea that runs but a few Miles between e 
the Land, it is called a Creek or Haven. Haven. 
18. A dStreight is a narrow Paſſage lying 4Sreight. 
between two Shores, whereby two Seas are 
joined together; as the S/rezghts of Dover, 
between the Britiſh Channel, and the Ger- 
man Sea; the Streights of Gibraltar, be- 
tween the Atlantick and the Medirerrancan 
Sea. The Mediterranean it ſelf is allo ſome- 
times called the S7reights. 
Theſe are all the neceſſary Terms com- 


monly uſed in Geography. The Names of 
| G 2 
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the ſeveral Countries, Seas, and all the prin- 
cipal Diviſions of the Earth, the Reader will 
find expreſſed upon the Terreſtrial Globes. 
To give a tolerable Account of the Produce 
of cach Country, the Genius of the People, 
their Political Inſtitutions, Oc. is properly a 
particular Subject of itſelf and quite foreign 


to our Deſign. We ſhall next proceed to 


the Uſe of the Globes; bur firſt it may not 
be amiſs to give a ſhort Revzew of their Ap- 
urtances. 

Thoſe Circles of the Sphere that are fixed 
are (as has been already faid) drawn upon 
the Globes themſelves ; thoſe that are move- 
able, are ſupplied by the Braſs Meridian, 
the Wooden Horizon, and the Quadrant of 
Altitude. 1 
1. That Side of the Bragen Meridian, 


Which is divided into Degrees, repreſents 


the frue Meridian; this Side is commonly 
turned towards the Eaſt, and 'tis uſual to 
place the Globe ſo before you, that the 
North be to the Right- Hand, and the South 
to the Left. The Meridian is divided into 
4 Quadrants, each being 9o Degrees, two 
of which are numbered from that Part of 
the Equinoctial which is above the Horizon, 
towards each of the Poles; the other two 
Quadrants are numbered from the Poles 
towards the Equator, The reaſon why two 
Quadrants of the Meridian are numbered 
from the Equator, and the other two from 
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the Poles, is becauſe the former of theſe 
two ſerve to ſhew the Diſtance of any Point 
on the Globe from the Equator, and the 
other to elevate the Globe to the Latitude 
of the Place. 


2. The upper side of the Wooden Hod 


Frame, called the Wooden Horizon, re- 


preſents the true Horizon; the Circles 


drawn upon this Plane have been already 


deſcribed; we may obſerve, that the firſt 
Point of Y is the Eaſt, and the oppoſite, 
being the firſt Point of = is the Weſt, the 
Meridian paſſing thro' the North and South 
Points. 

3. The 


Horizon; 


Quadrant of Altitude is a flexible Sudan 


Plate of thin Braſs, having a Nut and Screw Altitude, 


at one End, to be faſtened to the Meridian 
of either Globe, as occaſion requires. The 
Edge of this Quadrant, which has the Gra- 
duations upon it, called the fiducial Edge, 
is that which is always meant whenever we 
make mention of the Quadrant of Altitude. 


4. The Horary or Hour Circle is divided Hour Cir- 


into twice twelve Hours; 


moſt XII is that at Noon, and the lower- 
moſt towards the Horizon is XII at Night. 
The Hours on the Eaſt Side of the Meri- 
dian are the Morning Hours, and thoſe on 
the VMeſt Side the Hours after Noon. The 
Axis of the Globe carries round the Hand 
or Inden which points the Hour, and it is 
the Center of the Hour Circle, The 


the two XIPs* 
coinciding with the Meridian: the upper- 
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The Things above deſcribed are common 


to both Globes; but there are fome others 
which are peculiar, or proper to one ſort 


of Globe. The two Colures, and the Circles 


of Latitude, from the Ecliptick, belong only 
to the Celeſtial Globe; alſo the Ecliptick 
it ſelf does properly belong only to this 
Globe, tho' it is alWays drawn on the Ter- 
reſtrial, for the ſake of thoſe that might 
not have the other Globe by them. 'The 
Equinoctial on the Celeſtial Globe is always 
numbered into 360 Degrees, beginning at 
the Equinoctial Point Y; but on the Ter- 
reſtrial, it is arbitrary Phere theſe Numbers 
commence, according to the Meridian of 
what Place you intend for your firſt ; and 


the Degrees may be counted either quite 


round to 360, or both Ways, till they meet 
in the oppoſite Part of the Meridian at 180. 


Seer 


Seat 


bo 
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PROBLEM I. To find the Latitude and 
Longitude of any given Place upon the 
Globe; and on the contrary, the Latitude 
and Longitude being given, to find the 
Place. | 


* — 


URN the Globe round its Axis, 
till the given Place lie exactly un- 
der the (Eaftern Side of the Braſs) Meridian; 
then that Degree upon the Meridian, which 
is directly over it, is the Latitude: which is 
accordingly North or South, as it lies in 
the Northern or Southern Hemiſphere. The 
Globe remaining in the ſame Poſition. 
That Degree upon the Equator which is 
cut by the Brazen Meridian, is the Longi- 
tude required, from the firſt Meridian upon 
the Globe. If the Longitude is counted both 
ways from the firſt Meridian upon the Globe, 
then we are to conſider, whether the given 
Place lies Eaſterly or Weſterly from the firſt 
Meridian, and the Longitude muſt be ex- 
preſſed accordingly. | | - 
G4 The 
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De Uſe'of 
The Latitudes of the following Places; 
and upon a Globe where the Longitude is 


reckoned both ways from the Meridian of 
London their Longitudes, will be found as 


follow. | 
Latitude. Longitude. 
Deg. Deg. 

. Rowe —— iin ch. 13 Eat. 
Paris — 484 N. 27 + 
Mexico — 20 N. 102 W. 
Cape Horn — 58 5. 80 W. 


2. The Latitude and Longitude being given, 
1390 find the Place. 


Seek for the given Longitude in the E- 
quator, and bring that Point to the Meri. 
dian; then count from the Equator on the 


Meridian, the Degree of Latitude given, 


towards the Arctick or Antarctick Pole, ac- 
cording as the Latitude is Northerly or 
Southerly ; and under that Degree of Lati- 
rude lies the Place required. | 


Pros. II. To find the Difference of Lari 
tude betwixt any two given Places. 


Bring each of the Places propoſed ſuc- 
ceſſively to the Meridian, and obſerve where 
they interſect it; then the Number of De- 


grees upon the Meridian, contained between 
. 


laces ; 
ude is 
ian of 
und as 


tude. 


Eaſt. 
. 


given, 


the E- 
Meti- 
on the 
given, 
le, ac- 
ly or 
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Lati. 
7 $ * 


d ſuc- 
where 
f De- 
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the two Interſections, will be the Difference 
of Latitude required. Or, if the Places 
propoſed are on the ſame Side of the Equa- 
tor, having firſt found their Latitudes, ſub- 
tract the leſſer from the greater; but if they 
are on the contrary Sides of the Equator, 
add them both together; and the Difference 
in the fitſt Caſe, and the Sum in the latter, 
will be the Difference of Latitude required. 
Thus, the Difference of Latitude betwixt 
London and Rome will be found to be 

94 Degrees; betwixt Paris and Cape Bona 
Huren 83 De 0 nis od? 


Pros, III. To find the Difference of 8 
gitude betwixt any two oven Places. 


Bring each of the given Places ſucceſſively 
to the Meridian, and ſee where the Meridian 
cuts the Equator each Time; the Number 
of Degrees contained betwixt thoſe, two 
Points, if it be leſs than i 80 Degrees, other- 
wiſe the Remainder to 360 Degrees will 
be the Difference of Longitude eh 
Oh, x opt 
Having. brought one of the + given Places 
to the Meridian, bring the Index of the 
Hour Cycle to 20 Clock then having 
brought the other Place to the Meridian, 
the Number of Hours contained between 
the Place the Index vas firſt ſet at, and the 


P where it now points, is the Difference 
of 


The VUVſe of 
of Longitude in Time dw ade the two 


Places. 
Thus, the Difference of onpirade be. 


twixt Rome and Conſtantinople, will be 


found to be 19 Degrees, or 1 Hour and a 
Quarter; betwixt Mexico and Pekin in 
China 140 Nen or 94 Hours, 


Pros. IV. Any Place being given, fo find 
all thoſe Places that are in the ſame 
Latitude with the e ſaid Place. 


The Latitude of the given Place belos 
marked upon the Meridian, turn the Globe 
round its Axis, and all thoſe Places that paſs 
under the ſaid Mark, are in the ſame Lati- 
tude with the given Place, and have their 
Days and Nights of equal Lengths. And 
when any Place is brought to the Meri 


dian, 
all the Inhabitants, that lie under the = 


Semicirele of it, have their Noon or Mid 


day at the ſame Point of WIE Time 


exattly.” A OE (FOLEY 


234 (2.94 = ©: 1 10 


PROB, V. The Day of. the Month bein 


\£rven; to find the Sun's Place in the 
Fel tick, and his 0 


1. To find the Sun's Place: 
Day of the Month given in I Kalendar of 
Months upon the Horizon, ad right againſt 
it youll find that Sign and Degree of the 
Eclip- 


April 
fuly 2 
Ottob, 
Janus 


PRO 
Lati 

Vs} 
the N. 
Pole 
Latitu 
then 1 
the N 
tude c 
Pole, 
is adj1 

1 B67 
Havin 
Latitu 


wal 3. 


7 


. 


ie Gonk 


Ecliptick which the Sun is in: The Sun's 

Place beitig ts found, look for the ſame 
in the Ecliptick Lige which is drawn upon 
the Globe, and brigg that Point to the Me- 
ridian z then that egree of the Meridian 


which is dircAly over the Sun's Place is the 


Declin 
ly either Nort 


the 3 or Southern Signs. 


uired, which is according- 
or South, as the Sun is in 
T hus 


| : Sun s Place. Declination. | 
=< 8 75 Min. __ Min. 


April 12 9 2 5:00 32 N. 
July 20 „„ _ 20 N. 
Ottober 15 V. . 249 1a 7 28 8. 
1 „ö d S. 


p RO B. VI. To cli abe Glabes for the 
Latitude, Zenith, and the Nun 9 Place. 


1. For the Latitude: If the Place be in 
the Northern Hemiſphere, raiſe the Arctick 
Pole above the Horizon; but for a South 
Latitude, you muſt raiſe the Antarctic; 
then move the Meridian up aud down in 
the Notches, until the Degrees of the Lati- 
tude counted upon the Meridian below the 
Pole, cuts rhe Horizon, and then the Globe 
is adjuſted to the Latitude. 

2. To fectiſy the Globe for the Zentth : 
Having clevated the Globe according to the 


Latitude, count the Degrees thereof upon 
| the 


The Uſe of 


the Meridian from the Equator opti the 


elevated Pole, and that Point will be the Ze. 


nith or the Vertex of thePlace : To this Point 
of the Meridian faſten the Quadrant of Alti. 
tude, ſo that the graduated Edge thereof 
may be joined to the ſaid Point. | 

3. Bring the Sun's Place in the Ecliptick 
to the Meridian, and then ſet the Hour 
Index to XII at Noon, and the Globe will 
be rectified to the Sun's Place. 

If you have a little Mariner's Compaſ, 
the Meridian of the Globe may be caſily ſet 
to the Meridian of the Place. 


"T ROB. VII. To find the Diſtance betweeh 


any two given Places upon the. Globe, 
and to find all thoſe Places upon the 
Globe that are at the ſame Diſtance from 
a given Place. 


Lay the Quadrant of Altitude over both 
the Places, and the Number of Degrees 
intercepted between them being reduced 
into Miles, will be the Diſtance required: 
Or, you may take the Diſtance betwixt the 
two Places with a Pair of Compaſſes, and 
applying that Extent to the Equator, youll 
have the Degrees of Diſtance as before. 
Note, A Geographical Mile is the th 
part of a Degree; wherefore if you multi- 
ply the Number of Degrecs by 60, the Pro- 
duct Wil be the Number of * 

Miles 
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Miles of Diſtance ſought; but to reduce 
the ſame into Engliſb Miles, you muſt mul- 
tiply by 70, becauſe about 70 Enghiſh Miles 
make a Degree of a great Circle upon the 
Superficies of the Earth. 


Thus, the Diſtance betwixt Foals and 


Rome will be found to be about 13 Degrees, 
which is 7 80 Geographical Miles. 

If you rectify the Globe for the Latitude 
and Zenith of any given Place, and bring 
the ſaid Place to the Meridian ; then turn- 
ing the Quadrant of Altitude about, all 
thoſe Places that are cut by the ſame Point of 
it, are at the ſame Diſtance from the given 
Place. 


PROB. VILL To find the Angle of Poſition 
of Places ; org the 40 formed by the 


Meridian of one Place, and a great Cir- 
cle paſſing through both the Places. 


Having rectified the Globe for the Lati- 
tude and Zenith of one of the given Places, 


bring the ſaid Place to the Meridian, then 


turn the Quadrant of Altitude about until 
the fiducial Edge thereof cuts the other 
Place, and the Number of Degrees upon 


the Horizon contained between the ſaid 


Edge and the Meridian, will be the Angle of 
Poſition ſought. 
Thus, the Angle of Poſition at the Li- 


zard, between the Meridian of the Lizard 
| and 
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The Uſe of Seal 


and the Great Circle paſſing from thenc, MW Ealt + 
to Barbadoes is 69 Degrees South-Weſterly; MW with 
but the Angle of Poſition between the ſame WM pals, 
Places at Barbadoes, is but 3 S Degrees North, Faral 
Eaſterly. | ſcrib. 
| | the c 
SCHOLIUM. de 
The Angle of Poſition between two Trav 
Places is a different thing from what i; ridiat 
meant by the Bearings of Places; the Bear. there 
zngs of two Places is determined by a fort follo 
of ſpiral Line called a Rhumb Line, pat are tl 
ſing between them in ſuch a manner, as to Caſe 
make the ſame or equal Angles with all the Cinis 
Meridians through which it paſſeth: but the withc 
Angle of Poſition is the very ſame thing 
with what we call the Azimuth in Aſtrono- PRO 
my; both being formed by the Meridian and 
a great Circle paſſing thro” the Zenith of x mY 
ri 


given Place, and a given Point, either in 
the Heavens, then called the Azimuth, or havin 
upon the Earth, then called the Angle of fi Num 
Poſition. the 1 

From hence may be ſhewed the Error of and tl 
that Geographical Paradox, viz. If a Place The 
A bears from another B due Weſt, B ſhall ſet th 


not bear from A due Eaſt. I find this Para- turnt 
dox vindicated by an Author, who at the the 1c 
ſame time gives us a true Definition of 3 * 

tude 


Rhumb Line: but his Arguments are un- 


geometrical; for if it be admitted that the requii 
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Eaſt and Weſt Lines make the ſame Angles 
with all the Meridians, through which they 
paſs, it will follow that theſe Lines are the 
Parallels of Latitude. For the Path de- 
ſcribed in Travelling from Eaſt to Weſt, is 
the continuation of the Surface of a Cone, 
whoſe Sides are the Radii of the Sphere, 
and Baſe the Parallel of Latitude of the 
Traveller: and it is evident, that all the Me- 
ridians cut the ſaid Surface at Right (and 
therefore at equal) Angles; whence it 
follows, that the Rhumbs of Eaſt and Weſt 
are the Parallels of Latitude; though the 
Caſe may ſeem different, when we draw in- 
clining Lines (like Meridians) upon Paper, 
without carrying our Ideas any further. 


PRO B. IX. Zo find the Antæci, Periæci, and 


Antipodes t any given Place. 


Bring the given Place to the Meridian, and 
having found its Latitude, count the ſame 
Number of Degrees on the Meridian from 
the Equator towards the contrary Pole, 
and that will give the Place of the Antæci. 
The Globe being till in the ſame Poſition, 
ſet the Hour-Index to XII at Noon, then 
turn the Globe about till the Index points to 
the lower XII; the Place which then lies 
under the Meridian, having the ſame Lati- 
tude with the given Place, is the Periæci 
required, As the Globe now ſtands, po 

| 5 
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titude of 514 Degrees North; that Place 


London is 180 Degrees, and Latitude 51+ 
Degrees South. 


The Vje of 
Antipodes of the given Place are under the 
ſame Point of the Meridian, that its Ante. 
ci ſtood before: Or, if you reckon 180 
Degrees upon the Meridian from the given 
Place, that Point will be the Antipodes. 

Let the given Place be London in the La. 


which lies under the ſame Meridian, and in 
the Latitude of 514 Degrees South, is the 
Antæci: that which lies in the ſame Para. 
lel with London, and 180 Degrees of Lon- 
gitude from it, is the Periæci; and the Ay 
tipades is that Place whoſe Longitude from 


PROB. X. 'The Hour of the Day at ow 
Place, being given; to find the corre- 
ſpondent Hour (or what o'Clock it is at 
that Time) in any other Place. 


The Difference of Time betwixt two 
Places is the ſame with their Difference of 
Longitude; wherefore having found their 


Difference of Longitude, reduce it into Time, — 25 


(by allowing one Hour for every 15 Degrees, Eclipti 
ec.) and if the Place where the Hour is 2 


Eaſterly, h 
required lies Weſterly, 7 from the Place 8 


where the Hour is given, J dite, I 7 the Dif- Day. 


ference of Longitude reduced into Time 
to 
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to 

from 
Remainder will accordingly be the Hour re- 
quired. Or, 

Having brought the Place at which the 
Hour is given to the Meridian, ſet the Hour- 
Index to the given Hour; then turn the 
Globe about until the Place where the Hour 
is required comes to the Meridian, and the 
Index will point out the Hour at the ſaid 
Place. 


& che Hour given ; and the Sum or 


Thus when it is Noon at London, it is 


H. M. 
Rome — 0 52 P. M. 
FR Conſtantinople 2 O P. M. 
LVera-Crus — 5 30A.M. 
C Pequin in China- 7 50 P. M. 


? No B. XI. The Day of the Month being 


given, to find thoſe Places on the Globe 
where the Sun will be V. ertical, or in the 
Zenith, that Day. | 


"Having found the Sun's Place in the 
Ecliptick, bring the ſame to the Meridian, 
and note the Degree over it ; then turning 
the Globe round, all Places that paſs under 
52 Degree will have the Sun Vertical that 

a. 


H PRO, 


The Uſe off 


Pr 0 B. XII. A Place bein given in the 
— find thoſe two Days 

in which the Sun For ve 2 to the 
ee 2 


Bring the given Place to the Meridian, 
and mark what Degree of Latitude is exat- 
A1 over it; then turning the Globe about 
thdſe two Points of the Ecliptick, which 
paſs exactly under the ſaid Mark, give the 
Sun's Place at the times required; look upon 
the Wooden Horizon for thoſe two Point 
of the Ecliptick, and right againſt them 
you 1 have the Days required. 


— f - 


a B. XIII. To find where the Sun it 
Vertical at any given Time aſſigned ; o, 
the Day of the Month and the Hour a 

3 any Place ( ſuppo London) being given, 

W find i in what Place the Sun is Ve erticu 

a thut very Time. | 


Having found the Sun's Declination, and 
brought the firſt Place (London) to the 
Meridian, ſet the Index to the given Hout, 

then turn the Globe about until the Index 
points to 12 at Noon; which being done, 
that Place upon the Globe which ſtands un- 
der the Point of the Sun's Declination upon 
the Meridian, has the Sun that Moment in 
the Zenith. 
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PROB. XIV. The Day, and the Hour of 
the Day at one Place, being given; to 

find all thoſe Places upon the Earth, 
where the Sun is then Riſing, Setting, 
Culminating, (or on the Meridian ;) alſo 
where it is Day=- Light, Twilight, Dark 
Night, Mid-night ; where the Twilight 
then begins, and where it ends: the 
Height of the Sun in any Part of the 
aminated Hemiſphere; alſo his De- 
preſſion in the obſture Hemiſphere. © 


Having found the Place where the Suti 
is Vertical at the given Hour, rectify the 
Globe for the Latitude, and bring the fad 


Place to the Meridian. 


Then all thoſe Places that are 1 the 
Weſtern Semicircle of the Horizon, have 
the Sun riſing at that Time. 

Thoſe in the Eaſtern Semicircle have it 
ſetting. 

To thoſe who live under the upper Semi- 


circle of the Meridian, it is 12 0 Clock at 


Noon. And, 
Thoſe who live under the lower Semi- 


circle of the Meridian have it Midnight. 


All thoſe Places that are above the Ho- 
rizon, have the Sun above them, juſt ſo 
much as the Places themſelves are diſtant 
from the Horizon; which Height may be 
known by fixing the Quadrant of Altitude 


H 23 in 


The Uſe of 
in the Zenith, and laying it over any par- 
ticular Place. 

In all thoſe Places that are 18 Degrees 
beaw the Weſtern Side of the Horizon, the 
Twilight is juſt beginning in the Morning, 
or the Day breaks. And in all thoſe Places 
that are 18 Degrees below the Eaſtern Side 
of the Horizon, the Twilight is ending, 
and the total Darkneſs beginning. 

The Twilight is in all thoſe Places whoſe 
Depreſſion below the Horizon does not 
exceed 18 Degrees. And 

All thoſe Places that are lower than 18 
Degrees have dark Night. 

The Depreſſion of any Place below the 
Horizon is equal to the Altitude of its An- 
tipodes, which may be eaſily found by the 
NE of Altitude. 


Pros. XV, The Day of the Month being 
given; to ſhew, at one view, the Length 
of Day and Night in all Places upon 
the Earth at that Time; and to explain 
how the Viciſſitudes of Day and Night 
are really made by the Motion of the 

Earth round her Axis in 24 Hours, the 
Sun ſtanding fiill. 


The Sun always illuminates one half of 
the Globe, or that Hemiſphere which is 
next rowards him, while the other remains 
in Darkneſs: And if (as by the laſt Problem) 
we 
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we elevate the Globe according to the Sun's 
Place in the Ecliptick, it is evident, that the 
sun (he being at an immenſe Diſtance from 


the Earth) illuminates all that Hemiſphere, 


which is above the Horizon; the Wooden 
Horizon it ſelf will be the Circle termi- 
nating Light and Darkneſs; and all thoſe 
Places that are below it, are wholly deprived 


of the Solar Light. 


The Globeſtanding in thisPoſition; ; thoſe: 
Arches of the Parallels of Latitude which 
ſtand above the Horizon, are the Diurnal 
Arches, or the Length of the Day in all 
thoſe Latitudes at that Time of the Vear; 
and the remaining Parts of thoſe Parallels, 
which are below the Horizon, are the Noc- 
turnal Arches, or the Length of the Night 
in thoſe Places. The Length of the Diar- 
nal Arches may be found, by counting 
how many Hours are contained between the 
two Meridians; cutting any Parallel of La- 
titude, in the Eaſtern and Weſtern Parts of 
the Horizon. | 

In all thoſe Places that are in the Weſtern 
Semicircle of the Horizon, the Sun appears 
riſing: for, the Sun ſtanding ſtill in the 
Vertex, (or above the Braſs Meridian) ap- 
pears Eaſterly, and 9o Degrees diſtant from 
all thoſe Places that are in the Weſtern Se- 
micircle of the Horizon; and therefore in 
thoſe Places he is then riſing. Now if 
we pitch upon any particular Place upon 

H 3 the 
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the Globe, and bring it'to the Meridian, . 


and then bring the Hour-Index-to the lower 


XII, which in this caſe we'll ſuppoſe to be 


12 at Noon, (becauſe otherwiſe the Num- 
bers upon the Hour-Circle will not anſwer 
ourPurpoſe ;) and afterwards turn the Globe 
about, until- the aforeſaid Place be brought 
to the Weſtern Side of the Horizon; the 


Index will then ſhew the Time of Sun-riſing 


in that Place. Then turning the Globe gr. 
dually about from Weſt to Eaſt, and mind. 
ing the Hour - Index, we ſhall ſee the Pro- 
greſs made in the Day every Hour, in all 
Latitudes upon the Globe, by the real Mo- 
tion of the Earth round its Axis; until, by 
their continual Approach to the Braſs Me- 
ridian (over which the Sun ſtands till all 
the while) they at laſt have Noon-Day, and 
the Sun appears at the higheſt; and then 
by degrees, as they move Eaſterly, the Sun 
ſeems to decline Weſtward, until, as the 
Places ſucceſſively arrive in the Eaſtern Part 
of the Horizon, the Sun appears to ſet in 
the Weſtern; for the Places that are in the 
Horizon, are go Degrees diſtant from the 
Sun. We may obſerve, that all Places upon 
the Earth, that differ in Latitude, have theit 
Days of different length, (except when the 
Sun is in the Equinoctial) being longer f 
ſhorter, in proportion to what Part of the 
Parallels ſtand above the Horizon. Thoſe 
that are in the ſame Latitude have thei! 
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Sect 3. 
Days of the ſame length; 
commence ſooner or later, according ar 
the Places differ in Longitude. ini 
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ProB. XVI. To explain in eder rhe Al 
teration of Seaſons, or Length of the 

Days and Nights, made in all Places 
of the World, Y the Stin's (or em ek 
annual Motion in the Eclipticl. 


It has been ſhewed in the laſt: Prodikes: 
how to place the Globe in ſuch a Poſition, 
as to exhibit the Length of the Diurnal and 
Nocturnal Arches, in All late of the Earth, 
t a partciular Time: If the Hour - Cirele he 
taken off, ſo that the Poles of the Globe. 


may be brought to the Horizon; and the 


Globe be continually rectified, according 
as the Sun alters his Declination, (which 
may be known by bringing each Degree 
of the Ecliptick ſucceſſively to the Meridian} 
you'll ſee the gradual Increaſe or Decreaſe 


made in the Days in all Places of the World; 


according as a greater or leſſer Portion''6F 


but have them 
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the Parallels of Latitude ſtand above the 


Horizon, We ſhall illuſtrate this Problem 
by Examples taken at ditkerent Times 'of 
the Year, 

I. Let the Sun be in the firſt Point: of 8; 
(which happens on the 1079 of June) that 
Point being brought to the- Meridian, wil 
new the Sun'sDecliriation to'be-2 34 Degree 

A North; 
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North; then the Globe mult. be rectified to 
the Latitude of 2 35 Degrees; and for the bet- 
Illuſtration of the Problem, let the firſt 
Meridian upon the Globe be brought under 
the Braſs Meridian. The Globe being in 
this Poſition, you'll ſec at one view the 
Length of the. Days in all Latitudes, by 
counting the Number of Hours contained 
between the two extreme Meridians, cutting 
any particular Parallel you pitch upon, in 
the Eaſtern and Weſtern Part of the Horizon, 
And you may, obſerve, that the lower Part 
of the Arctick Circle juſt touches the Hori- 
zon, and conſequently all the People who 
live in that Latitude have the Sun above their 
Horizon for the ſpace of 24 Hours, without 
ſetting; only when he is in the lower Part 
of the Meridian (which they would call 1: 
at Night) he juſt touches the Horizon. 
II all thoſe who live between the Arctick 
Circle and the Pole, the Sun does not (ct, 


and its Height above the Horizon, when 


he is in the lower Part of the Meridian, is 
equal to their Diſtance from the Arctick 
Circle: for Example, Thoſe who live in the 
80th Parallel have the Sun when he is loweſt 
at this Time 134 Degrees high. 

If we caſt our Eye Southward, towards 
the Equator, we ſhall find, that the Diurnal 
Arches, or the Length of the Days in the 
ſeveral Latitudes, gradually leſſen: The 
Diurnal Arch of the Parallel of London at 
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this Time is 164 Hours; that of the Equator 
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(is always) 12 Hours; and ſo continually 
leſs, till we come to the Antarcticł Circle, 
the upper Part of which juſt touches the 
Horizon; and thoſe who live in this Lati- 
tude have juſt one ſight of the Sun, peeping 
as it were in the Horizon. And all that 
Space between the Antarctick Cirele and 
the South Pole, lies in total Darkneſs. 

If from this Poſition we gradually move 
the Meridian of the Globe, according to the 
progreſſive Alterations made in the Sun's 
Declination, by his Motion in the Ecliptick ; 
we ſhall find the Diurnal Arches of all thoſe 
Parallels, that are on the Northern Side of 
the Equator continually decreaſe; and thoſe 
on the Southern Side continually (increaſe, 
in the ſame manner as the Days in thoſe 
Places ſhorten and lengthen. Let us again 
obſerve the Globe - when the Sun has got 
within 10Degrees of the Equinoctial; now 
the lower Part of the 8074 Parallel of North 
Latitude juſt touches the Horizon, and all 
the Space betwixt this and the Pole, falls in 
the illuminated Hemiſphere ; but all thoſe 
Parallels that lie betwixt this and the Arctick 
Circle, which before were wholly above 
the Horizon, do now interſect it, and the 
Sun appears to them to riſe and ſet. From 
hence to the Equator, we ſhall find that 
the Days have gradually ſhortened; and 
from the Equator South, ard, they have gra- 

0 dually 
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dually lengthened, until we come to the 
8074 Parallel of South Latitude; the upper 
part of which juſt touches the Horizon, 
and all Places betwixt this and the South 
Pole are in total Darkneſs: but thoſe Pa. 
rallels bet wixt this and the Antarctick Circle, 
which before were wholly above the Ho- 


rizon, are now partly above it; the Length 


of their Days being exactly equal to that of 
the Nights in the ſame Latitude in the con- 
trary Hemiſphere. 
ſally, that the Length of the Day in one 
Latitude North, is exactly equal to the Length 


of the Night in the ſame Latitude South; | 


and vice verſa. 7 


Let us again follow the Motion of the: 


Sun, until he has got into the Equinoctial, 
and take a view of the Globe while it is in 
this Poſition. Now all the Parallels of La- 
titude are cut into two equal Parts by the 
Horizon, and conſequently the Days and 
Nights arc of equal lengths, vig. 12 Hours 
cach in all Places of the World; the Sun 
riſing and ſetting at Six o' Clock, excepting 
under the two Poles, which now lie exactly 
in the Horizon: Here the Sun ſeems to 
ſtand ſtill in the ſame Point of the Heavens 
for ſome Time, until by degrees; by his Mo- 
tion in the Ecliptick, he aſcends higher to 
one, and diſappears to the other, there be- 
ing properly no Days and Nights under the 
Poles; for there the Motion of the Earth 
round its Axis can't be obſerved. If 


This alſo holds univer- 
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If we follow the Motion of the Sun to- 
wards the Southern Tropick, we ſhall ſee 
the Diurnal Arches of the Northern Parallels 
continually decreaſe, and the Southern ones 
increaſe in the ſame Proportion, according 
to their reſpective Latitudes : the North 
Pole continually deſcending, and the South 
Pole aſcending above the Horizon, until 
the Sun arrives into Y at which Time, all 
the Space within the Antarctick Circle is 
above the Horizon; while the Space be- 
tween the Arctick Circle and its Neigh- 
bouring Pole, is in total Darkneſs. And we 
ſhall now find all other Circumſtances quite 
reverſe to what they were when the Sun 
was in ; the Nights now all oyer the 
World, being of the ſame jength that the 
Days were of before. | 


< < 


We have now got to the Extremity of 


the Sun's Declination; and if we follow 


him thro” the other half of the Ecliptick; 
and rectify the Globe accordingly, We ſhall 
find the Seaſons return in theit Order, un- 
til at length we bring the Globe into its 1 
Poſition. Es 
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PROB. XVII. To ſhew by the Globe, at wp 
view, the Length of the Days and 


Nights in any particular Place, at all 
Times of the Tear. 


Becauſe the Sun by his Motion in the 
Ecliptick, alters his Declination a ſmall mat- 
ter every Day; if we ſuppoſe all the Tor: 
rid Zone to be filled up with a ſpiral Line, 
having ſo many turnings; or a Screw having 
ſo many Threads, as the Sun is Days in go- 
ing from one Tropick to the other; and 
theſe Threads at the ſame Diſtance from one 
another in all Places, as the Sun alters his 
Declination in one Day in all thoſe Places 

reſpectively. This Spiral Line or Screw will 
repreſent the apparent Paths deſcribed by 
the Sun round the Earth every Day; and 
by following the Thread from one Tropick 
to the other, and back again, we ſhall have 
the Path the Sun ſeems to deſcribe round 
the Earth in a Year. But becauſe the Incli- 
nations of theſe Threads to one another 
are but ſmall, we may ſuppoſe each Diurnal 
Path to be one of the Parallels of Latitude, 
drawn, or ſuppoſed to be drawn upon the 
Globe. Thus much being premiſed, we 
ſhall explain this Problem, by placing the 
Globe according to ſome of the moſt re- 
markable Poſitions of it; as before we did 
for the molt remarkable Seaſons of the Year. 

| 5 In 
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In the preceding Problem, the Globe being 
rectified according to the Sun's Declination, 
the upper Parts of the Parallels of Latitude, 
repreſented the Diurnal Arches, or the 
Length of the Days all over the World at 
that particular Time: Here we are to rectify 
the Globe according to the Latitude of the 
Place, and then the upper Parts of the Pa- 
rallels of Declination are the DiurnalArches ; 
and the Length of the Days at all Times of 
the Year, may be here determined, by find- 
ing the Number of Hours contained be- 
tween the two extreme Meridians, which 
cut any Parallel of Declination, in the Eaſtern 
and Weſtern Points of the Horizon ; after 
the ſame manner as before we found the 
Length of the Day in the ſeveral Latitudes 
at a particular Time of the Year. 

1. Let the Place propoſed be under the 
Equinoctial, and let the Globe be accord- 
ingly rectified ſor oo Degrees of Latitude, 
which is called a direct Poſition of the Sphere. 
Here all the Parallels of Latitude, which in 
this caſe we'll call the Parallels of Declina- 
tion, are cut by the Horizon into two equal 
Parts; and conſequently thoſe who live 
under the Equinoctial have the Days and 
Nights of the ſame Length at all Times of 
the Vear; alſo in this Part of the Earth, 
all the Stars riſe and ſet, and their Conti- 
nuance above the Horizon, is equal to their 


Stay below it, vis. 12 Hours. ö 
| : f 
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it ſelf is from the North Pole. 


The Uſe f 
If from this Poſition we dale move 
the Globe according to the ſeveral Altera 
tions of Latitudes, which we will ſuppoſe tobe 
Northerly; the Lengths of the Diurnal Arches 
will continually increaſe, until we come to 
a Parallel of Declination, as far diſtant from 
the Equinoctial, as the Place it ſelf is from 
the Pole. This Parallel. will juſt touch the 
Horizon, and all the Heavenly Bodies that 
are betwixt it and the Pole never deſcend 
below the Horizon. In the mean Time, 
while we are moving the Globe, the Lengths 
of the Diurnal Arches of the Southern Pa. 
rallels of Declination, continually diminiſh 
in the ſame Proportion that the Northern 
ones increaſed; until we come to that 
Parallel of Declination which is ſo far diſtant 
from the Equinoctial Southerly, as the Place 
The upper 
part of this Parallel juſt touches the Hof- 
zon, and all the Stars that are betwixt it 
and the South Pole, never appear above the 
Horizon. All the Nocturnal Arches of the 
Southern Parallels of Declination, are exact 
of the ſame Length with the Diurnal Arches 
of the correſpondent Parallels of North De- 
clination. 

2. Let us take a view of the Globe, when 
it is rectified for the Latitude of London, 
or 512 Degrees North. When the Sun is 
in the Tropick of &, the Day is about 


164 Hours; as he recedes from this Tropick, 
the 
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the Days proportionably ſhorten, until he 


arrives into Y, and then the Days are at the 


ſhorteſt, being now of the ſame length with 
the Night when the Sun was in S, VIS. 
74 Hours. The lower part of that Parallel 
of Declination, which is 38+ Degrees from 
the Equinoftial Northerly, juſt touches the 
Horizon ; and all the Stars that are betwixt 
this Parallel and the North Pole, never ſer 
to us at London. In like manner the upper 
part of the Southern Parallel of 383 Degrees 
juſt touches the Horizon, and all the Stars 
that lie betwixt this Parallel and the South 
Pole are never viſible in his Latitude. 
Again, let us rectify the Globe for the 
Latitude of the Ardick Circle, we. ſhall 
then find, that when the Sun is in &, he 
touches the Horizon on that Day, without 
ſetting, being 24 Hours compleat above the 
Horizon; and when he is in Capricorn, he 


once appears in the Horizon, but does not 


riſe for the ſpace of 24 Hours: when he is 
in any other Point of the Ecliptick, the Days 
are longer or ſhorter, according, to his Di- 
ſtance from the Tropicks. All the Stars that 
lie between the Tropick of Cancer, and 
the North Pole, never ſet in this Latitude; ; 
and thoſe that are between the Tropick of 
Capricorn and the South Pole, are always 
hid below the Hor izon. 

If we elevate the Globe till higher, the 


| Circle of perpetual A "eparition will be neatec 


the 
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the Equator, as will that of perpetual Oc 
cult ation on the other fide. For Example, 
Let us rectify the Globe for the Latitude of 
80 Degrees North; when the Sun's Decli- 
nation is io Degrees North, he begins to turn 
above the Horizon without ſetting, and al 
the while he is making his Progreſs from 
this Point to the Tropick of S, and back 
again, he never ſets. After the ſame manner, 
when his Declination is 10 Degrees South, 
he is juſt ſeen at Noon in the Horizon ; and 
all the while he is going Southward, and 
back again, he diſappears, being hid juſt ſo 
long as before, at the oppoſite Time of the 
Year he appeared vilible, 
Let us now bring the North Pole into 
the Zenith, then will the Equinoctial co- 
incide with the Horizon ; and conſequent- 
ly all the Northern Parallels are above the 
Horizon, and the Southern ones below it. 
Here is but one Day and one Night through- 
out the Year; it being Day all the while 
the Sun is to the Northward of the Equi- 
noctial, and Night for the other half Year. 
All the Stars that have North Declination 
always appear above the Horizon, and at 
the ſame Height; and all thoſe that are on 
the other ſide, are never ſeen. 

What has been here ſaid of rectifying the 
Globe to North Latitude, holds for the ſame 
Latitude South ; only that before the longelt 


Days were, when the Sun was in S, the 
ſame 
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ſame happening now when the Sun is in ; 
and ſo of the reſt of the Parallels, the Seaſons 
being directly oppoſite to thoſe who live in 
different Hemiſpheres. „ 
The three foregoing Problems are very 
uſeful, as they give us a general Idea how 
the Seaſons are altered in all Places of the 
World, and do very well deſerve the par- 
ticular Attention of the Reader; it being 
undoubtedly entertaining, to know how 


theſe things are brought about by the re- 


gular Courſe of Nature. : 
For the ſake of the Reader, I ſhall explain 
ſome Things delivered above in general 
Terms, by particular Problems. | 
But from what has been already ſaid, we 
may firſt make the following Obſervations. 


1. All Places of the Earth do equally 
enjoy the benefit of the Sun, in reſpect of 

ime, and are equally 1 of it; the 
Days at one Time of the Lear erg exattly 
qual to the Nights at the oppoſite eaſon. 
2. In all Places of the Earth, ſave eu- 
attly under the Poles, the Days and Nights 
are of equal Length, (viz. 12 Hours each) 


when the Sun is in the Equinoctial. 


3. Thoſe who live under the Equinoc tial, 
have the Days and Nights of equal lengths, 
at all Times of the Tear. 

4. In all Places between the Equinactial 

N ights are 
never 
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never equal, but when the Sun is in the 
 Equimottial Points Y and . 

5. The nearer any Place is to the Equa: 
tor, the leſs is the Difference between the 
Length of the Artificial Days and Nights 
in the ſaid Place; and the more remote, the 
greater. 5 

6. To all the Inhabitants lying under 

. Parallel of Latitude, the Days 
and Nights are of equal Lengths, and 
that at all Times of the Tear. 
7. The dun is Vertical twice a Tear, t 
all Places between the 14 "yon 3 fo thoſe 
under the Tropicks, once a Tear, but never 
any where elſe. | | 

8, In all Places between the Polar Cir- 
cles, and the Poles, the Sun appears ſome 
Number of Days without ſetting ; and at 
he oppoſite Time of the Tear, he is for the 
ſame length of Time without riſing: and 
 thenearer unto, or further remote from the 
Pole, thoſe Places are, the longer or ſhorter 
ig the Sun's continued Preſence in, or A. 
ſence from the ſame. _ 

9. In all Places lying exactly under the 
Polar Circles, the Sun, when he is in the 
neareſt Tropick, appears 24 Hours without 
ſetting ; and when he is in the contrary 
Tropic, he is for the ſame length of Time 
without riſing ; but at all other Times of the 
Tear he riſes and ſets there, as in other 
Places. N 
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10. In all Places lying inthe 


Hemiſphere, 
Shorteſt Night, is when the Jun is inthe 
a Kan Zropick ; and the contrary. 


Southern 


PRoOB. XVIII. The Latitude of any Place, 
not exceeding 665 Degrees, and the Day 
of the Month being given, to find the 
Time of Sun-riſing and ſetting, and the 


the Longeſt 


N they 


Southern J 


and 


Day, 


Length of the Day and Night. 


Having rectified the Globe according to 
the Latitude, bring the Sun's Place to the 


Meridian, and put the Hour - Index to 12 at 
Noon; then bring the Sun's Place to the 
Eaſtern Part of the Horizon, and the Index 


will ſhew the Time when the Sun riſes. 


Again, turn the Globe until the Sun's Place 


be brought to the Weſtern Side of the Ho- 


rizon, and the Index will ſhew the Time of 


Sun- ſetting. 3 
The Hour of Sun-ſetting doubled, gives 


the Length of the Day; and the Hour of 


Sun- riſing doubled, gives the Length of the 


Night. 


Let it be required to find when the Sun 


tiſes and ſets at London on the 20th of 


April. Rectify the Globe for the Latitude 
of London, and having found the 'Sun's 
Place, correſponding to April the 20th, vis, 
8 


I 2 
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& 104 Degree, bring & 104 Degrees to the 
Meridian, and ſet the Index to I2 at Noon; 
then turn the Globe about till g 104 Degrees 


be brought to the Eaſtern part of the Hori- 


20n, and you ll find the Index point 44 Hours; 
this being doubled, gives the Length of the 


Night 95 Hours. 


Again, bring the Sun's 


Place to the Weſtern part of the Horizon, 
and the Index will point 74 Hours, which 
is the Time of Sun-ſetting; this being 
doubled, gives the Length of the Day 14: 
Hours. 


PRO B. XIX. 2 o find the Length o 


Longeſt and Shorteſt Day and 


the 


ight 


in any given Place, not exceeding 66; 
Degrees of Latitude. 


Note, The Longeſt Day at all Places on 
7 Side of the Equator, is when 


the 1 


North 
South 


the Sun is in the firſt Point of 
Wherefore having reAified: the Globe for the 
Latitude, find the Time of Sun-riſfing and 
ſetting, and thence the Length of the - Day 
and Night as in the laſt Problem, according 
to the Place of the Sun: Or having rectificd 
the Globe for the Latitude, bring the 10) I(tt- 
tial Point of that Hemiſphere to the Eall 
part ot the Horizon, and fer the Index to 1: 
at Noon; then turning the Globe about r 
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Side of the Horizon; the Number of 
Hours from Noon to the Place where the 
Index points (being counted according to 
the Motion of the Index) is the Length of 
the Longeſt Day; the Complement whereof 
to 24 Hours, is the Length of the Shorteſt 
Night, and the Reverſe gives the Shorteſt 
Day and the longeſt N ight. 


Longeſt Day. Short. N. 

Deg. Hours. Hours. 
45 —152 87 
Thus in Lat. } $I4S—16z 72 
60 —182 52 


If from the Length of the Longeſt Day, you 
ſubtract 12 Hours, the Number of Half- 
Hours remaining will be the Climate: Thus, 
that Place where the longeſt Day is 164 Hours, 
lies in the 9th Climate. And by the Re- 
verſe, having the Climate, you have there- 
by the Lengthof the Longeſt Day. 


PRoB. XX. To nd i in what Latitude the 
Longeſt Day is, of any e Length leſs 
than 24 Hours. 


Bring the Solftitial Point to the Meri- 
dian, and ſet the Index to 12 at Noon; then 
turn the Globe Weſtward till the Index 
points at half the Number of Hours given : 
which being done, keep the Globe from 


turning round its Axis, and flide the Meti- 


I 3 dian 
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dian up or down in the Notches, till the Sect 
Solſtitial Point comes to the Horizon, then begins 
that Elevation of the Pole will be the Lati- W eſt Daz 
e.. Aga 
If the Hours given be 16, the Latitude Point! 
is 49 Degrees; if 20 Hours, the Latitude cuts tl 
635 Degrees. Horizo 
give tl 
gins. 
ſome J 
Eclipti« 


PROB. XXI. A Place being given in ou 
of the Frigid Zones oy the Noi. 
thern) 0 find what Number of Days 18 
(of 24 Har each) the Sun doth con. ¶ Point oo 
ſtantly ſhine upon the ſame, how long he Eclipti, 
is abſent, and alſo the firſt and laſt Day the Lo! 


of his Appearance. Night 


Having rectified the Globe according to be fou. 
the Latitude, turn it about until ſome Point from t. 
in the firſt Quadrant of the Ecliptick (be- then c 
cauſe the Latitude is North) interſect the from t 
Meridian in the North Point of the Horizon; N when i 


and right againſt that Point of the Ecliptick Or, 
on the Horizon, ſtands the Day of the the No 
Month when the Longeſt Day begins. the Glo 


And if the Globe be turned about till ¶ the Ec 
ſome Point in the ſecond Quadrant of the ¶ North- 
Ecliptick cuts the Meridian in the ſame Point ¶ the Sui 
of the Horizon, it will ſhew the Sun's Place ¶ gins an- 
when the longeſt Day ends; whence the IWeſter 
Day of the Month may be found as before. ¶ Horizo 
Then the Number of Natural Days con- the lon 
tain'd between the times the longeſt Day Thu 
f | begins ¶ Laplan 
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begins and ends, is the Length of the Long. 
eſt Day required. 

Again turn the Globe about, until ſome 
Point in the third Quadrant of the Ecliptick 
cuts the Meridian in the South Part of the 
Horizon; that Point of the Ecliptick will 
give the Time when the Longeſt Night be- 
gins. Laſtly, turn the Globe about until 
ſome Point in the fourth Quadrant of the 
Ecliptick cuts the Meridian in the South 
Point of the Horizon; and that Point of the 


Ecliptick will be the Place of the Sun, when 


the Longeſt Night ends. 

Or, the Time when the Longeſt Day or 
Night begins, being known, their end may 
be found by counting the Number of Days 
from that Time to the ſucceeding Solſtice ; 
then counting the ſame Number of Days 


from the Solſtitial Day, will give the Time 


when it ends. 


Or, if you bring the Solſtitial Point & to. 


the North Part of the Meridian, then keep 
the Globe in that Poſition 5 the Place where 
the Ecliptick cuts the North-Eaſtern and 
North-Weſtern Parts of the Horizon, will be 
the Sun's Place when the Longeſt Day be- 
zins and ends; and where it cuts the South- 
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Weſtern, and South-Eaſtern Parts of the 


Horizon, will be the Place of the Sun when 


the longeſt Night begins and ends. 
Thus at the North Cape on the Coaſt of 
Lapland, in the Latitude of 714 Degrees, 
8 the 


The Uſe of 
the longeſt Day begins about the 4th of 
May, and ends the 19th of July; after 
which, the Sun riſes and ſets till the 4th of 
November, when he but firſt touches the 
Horizon in the Southermoſt Point of it,- and 
then continues below it till the 16th of 74 
 nuary, when he'll juſt appear to riſe in the 
Meridian after he had been hid below the 
Horizon, for the Space of 73 Natural Days 
which is the Length of the Longeſt Night. 

After the ſeme manner may theſe thing 


be eaſily found for any Place either within 
the Arttick or Antarctic Circle. 


PRO B. XXII. To find in what Latitude 
the Longeſt Day is of any given Length 
eſs than 182 Natural Days. 


Find a Pint in the Ecliptick, half ſo 
many Degrees diſtant from the Solftitia 
Point, as there are Days given, and bring 
that Point to the Meridian; then keep thc 
Globe from turning round its Axis, and 
move the Meridian up or down until 
the forcſaid Point of the Ecliptick comes 

to the Horizon: that Elevation of the Pole 
will be the Latitude required. 

If the Days given were 78, the Latitude 
is 714 Degrees. 

This Method is not accurate, becauſe the 
Degrees in the Ecliptick do not correſpond 
to Natural Days 3 and allo becauſe the 
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Sun does not always move in the Ecliptick 
at the ſame rate; however ſuch Problems 
as theſe may ſerve for Amuſements. 


PRO B. XXIII. The Day of the Month being 
given, to find when the Morning and 
Evening Twilight begins and ends, in 

any Place upon the Globe. ; 


In the aforegoing Problems, by the Length 
of the Day, we meant the Time from Sun- 
riſing to Sun-ſet ; and the Night we reckoned 
from Sun · ſet till he roſe next Morning. But 


it is found by experience, that Total Dark- 


neſs does not commence in the Evening, 
till the Sun has got 18 Degrees below the 
Horizon; and when he comes within the 
ſame Diſtance of the Horizon next Morning, 
we have the firſt Dawn of Day. This 
faint Light which we have in the Morning 
and Evening before and after the Sun's riſin 
and ſetting, is what we call the Tw:/zghr. 


* Having rectified the Globe for the Lati- rob. VI. 


tude, the Zenith, and the Sun's Place ; turn 
the Globe, and the Quadrant of Altitude 
until the Sun's Place cuts 18 Degrees below 
the Horizon (if the Quadrant reaches ſo far) 
thentheIndex uponſthe Hour-Circle willſhew 
the Beginning or Ending of Twilight, after 
the ſame manner as before we found the 
Time of Sun-riſfing and ſetting, in Prob. 18. 
But by reaſon of the Thickneſs of W 

OIrl- 
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r 
Horizon, we can't conveniently ſee, or com- 
pute when the Sun's Place is brought to the 
Point aforeſaid. Wherefore the Globe being 
rectified as above directed, turn the Globe 
and alſo the Quadrant of Altitude Weſtward 
until that Point in the Ecliptick, which is 
oppoſite to the Sun's Place, cuts the Qua- 
drant in the 187% Degree above the Horizon; 
then the Hour-Index will ſhew the Time 
when Day breaks in the Morning. And if 
you turn the Globe and the Quadrant of 
Alritude, until the Point oppoſite to the 
Sun's Place cuts the Quadrant in the 187h 
Degree in the Eaſtern Hemiſphere; the 
Hour-Hand will ſhew when Twilight ends 
in the Evening. Or, having found the Time 
from Midnight when the Morning Twilight 
begins, if you reckon ſo many Hours before 
Midnight, it will give the Time when the 
Evening Twilight ends. Having found the 
Time when Twilight begins in the Morning, 
find the Time of Sun-riſing, by Prob. 18. 
and the Difference will be the Duration of 
Twilight. | 
Thus at London, on the firſt of May, 


Twilight begins at three quarters paſt One 


oClock; the Sun riſes at about half an 
Hour paſt Four ; whence the Duration' of 
Twilight now is 25Hours, both in the Morn- 
ing and Evening. On the firſt of November, 
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PROB. XXIV. To find the Time when total 
Darkneſs ceaſes, or when the Twilight 
continues from Sun-ſetting to dun riſing. 
in any given Place. 


Let the Place be in the Northern Hemi- 
ſphere; then if the Complement of the 
Latitude be greater than (the Depreſſion) 


| 18 Degrees, ſubtract 18 Degrees from it, 


and the Remainder will be the Sun's Decli- 
nation North, when total Darkneſs ceaſes. 


But if the Compliment of the Latitude is leſs 


than 18 Degrees, their Difference will be 
the Sun's Declination South, when the T wi- 
light begins to continue all Night. If the 
Latitude is South, the only Difference will 
be, that the Sun's Declination will be on 
the contrary ſide. 

Thus at London, when the Sun's Decli- 
nation North is greater than 20; Degrees, 
there is no total Darkneſs, but conſtant 
Twilight, which happens from the 157 of 
May to the 7th of Jul), being near two 
Months. Under the North Pole the Twi- 
light ceaſes, when the Sun's Declination is 
greater than 18 Degrees South; which is 
from the 24 of November, till the 18th of 
January: ſo that notwithſtanding the Sun 
is abſent in this part of the World for half 
a Year together, yet total Darkneſs does not 


continue above 11 Wecks; and belides, the 
| Moon 
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Moon is above the Horizon once a Month 
for a whole Fortnight, throughout the Year, 


PRoB. XXV. The Day of the Month being 
given, to find thoſe Places of the Frigid 

| Zones, where the Sun begins to ſbine 
conſtantly without ſetting ; and alſo thiſe 
 Placeswhere he begins to be totally abſent, 


Bring the Sun's Place to the Meridian, 
and mark the Number of Degrees contained 
betwixt that Point and the Equator ; then 
count the ſame Number of Degrees from 
the neareſt Pole (vis. the North Pole, if 
the Sun's Declination is Northerly, other- 
wiſe the South Pole) towards the Equa- 
tor, and note that Point upon the Meridian; 
then turn the Globe about, and all the 
Places which paſs under the (aid Point, are 
thoſe where the Sun begins to ſhine con- 
ſtantly, without ſetting on the given Day. 
If you lay the ſame Diſtance from the op- 
poſite Pole towards the Equator, and tum 
the Globe about, all the Places which paſs 
under that Point, will be thoſe where the 
longeſt Night begins. | 


PRoB. XXVI. The Latitude of the Place 
being given, to find the Hour of the Day 
when the Sun ſhines. 


Fit be in the Summer, elevate the Pole 
accarding to the Latitude, and ſet the _ 
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ridian due North and South ; then the Sha- 
dow of the Axis will cut the Hour on the. 
Dial- Plate: For the Globe being rectified 
in this manner, the Hour- Circle is a true 
Equinoctial Dial; the Axis of the Globe 
being the Enomon. This holds true in 
Theory, but it might not be very accurate 
in Practice, becauſe of the Difficulty in 


placing the Horizon of the Globe truly Ho- 


rizontal, and its Meridian due North and 
South. | 

If it be in the Winter Half-Year, elevate 
the South Pole according to the Latitude 
North ; and let the Notth Part of the Ho- 
rizon be in the South Part of the Meridian: 
then the Shade of the Axis will ſhew the 
Hour of the Day as before. But this can- 
not be ſo conveniently performed, tho' the 
Reaſon is the ſame as in the former Cale. 


PRoB, XXVII. To find the Sun's Altitude 
when it ſhines, by the Globe. 


Having ſet the Frame of the Globe truly 
horizontal or level, turn the North Pole 
towards the Sun, and move the Meridian 
up or down in the Notches, till the Axis 
caſts no Shadow; then the Arch of the 
Meridian, contained betwixt the Pole and 
the Horizon, is the Sun's Altitude. 

Note, The beſt way to find the Sun's 


Altitude, is by a little Quadrant graduated 
into 


uh 
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into Degrees, and having Sights and a Plum. 
met to it: Thus, hold the Quadrant in your 
Hand, ſo as the Rays of the Sun may paſs 
thro' both the Sights; the Plummet then 
hanging freely by the Side of the Inſtru- 
ment, will cut in the Limb the Alritude 
required. Theſe Quadrants are to be had 
at the Inſtrument-Makers, with Lines drawn 
upon them, for finding the Hour of the 
Day, and the Azimuth, with ſeveral other 
pretty Concluſions, very entertaining for 
Beginners. 


PRoB. XXVIIL The Latitude, and the 
Day of the Month being given, to find 


= bricd Hour of the Day when the Sun 


6 


ſhines, 


Having, placed the Wooden Frame upon 
a Level, and the Meridian due North and 
South, rectify the Globe for the Latitude, 
and fix a Needle perpendicularly over the 
Sun's Place: The Sun's Place being brought 
to the Meridian, ſet the Hour- Index to 12 
at Noon, then turn the Globe about until 
the Needle points exactly to the Sun, and 
caſts no Shadow, and then the Index will 
ſhew the Hour of the Day. 
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PROB. XXIX. The Latitude, the duns 
Place, and his Altitude, being given; 
to find the Hour of the Day, and the 
Sun's Azimuth from the Meridian. 


Having rectified the Globe for the Latitude, 
the; Zenith, and the Sffa's Place; turn the 
Globe, and the Quadrant of Altitude, fo 
that the Sun's Place may cut the given Degree 
of Altitude; then the Index will ſhew theHour, 
and the Quadrant will cut the Azimuth in 
the Horizon. Thus, If at London, on the 10th 
of Auguſt, the Sun's Altitude be 36 Degrees 
in the Forenoon, the Hour of the Day will 
be IX, and the Sun's Azimuth about 58 
Degrees from the South Part of the Meri- 
dian. - 


PRO B. XXX. The Sun's Azimuth being 
given, to place the Meridian of the Globe 
due North and South, or to find a Me- 
ridian Line when the Sun ſhines. 


Let the Sun's Azimuth be 30 Degrees 
South-Eaſterly, ſet the Horizon of the Globe 
upon a level, and bring the North Pole 
into the Zenith; then turn the Horizon 
about, until the Shade of the Axis cuts 
as many Hours as is equivalent to the Azi- 
muth, (allowing 15 Degrees to an Hour) 
in the North-Weſt Part of the Hour - Circle. 

2 VIS. 


I27 


128 The Uſe of 
vir. X at Night; which being done, the 
Meridian of the Globe ſtands in the true 
Meridian of the Place. The Globe ſtanding 
in this Poſition, if you hang two Plummet; 
at the North and South Points of the Wooden 
Horizon, and draw a Line betwixt them, 
you'll have a Meridian Line ; which if it K 
on a fixed Plain (as a Floor or Windo 
it will be a Guide for placing the Globe 
due North and South at any other Time. 


ProB. XXXI. The Latitude, Hour of th 
Day, and the Sun's Place being piven 
to find the Sun's Altitude and Azimuth 


Rectify the Globe for the Latitude, th 
Zenith, and the Sun's Place; then the Num 
ber of Degrees contained betwixt the Sun 
Place and the Vertex is the Sun's Meridio- 
nal Zenith Diſtance; the Complement oi 
which, to 90 Degrees, is the Sun's Meridia 
Altitude. If you turn the Globe about ui. 
til the Index points at any other give 
Hour, then bringing the Quadrant of Alt. 
tude to cut the Sun's Place, you'll have the 
Sun's Altitude at that Hour ; and where th: 
Quadrant cuts the Horizon, is the Suni 
Azimuth at the ſame Time. Thus May the 
20th, at London, the Sun's Meridian Alti 
tude will be 615 Degrees; and at 10 o Clock 
in the Morning, the Sun's Altitude will be 
52 Degrees; and his Azimuth about 50 De. 
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PROB. XXXII. The Latitude of the Place; 


and the Day of the Month being given; 


to find the Depreſſion of the Sun below 


the Horizon, and his Azimuth at any 
Hour of the Night. 


Having rectified the Globe for the Latitude? 
the Zenith, and the Sun's Place ; take a Poing 
in the Ecliptick, exactly oppoſite to the Sun's 
Place, and find the Sun's Altitude, and Azi- 


29 


muth, as by the laſt Problem; and theſe 


will be the Depreſſion and the Altitude re- 


quired. Thus, If the Time given be the 


20th of November, at 10 o'Clock at Night, 
the Depreſſion and Azimuth will be the 
ſame as was found in the laſt Problem. 


PROB. XXXII. The Latitude, the Sun's 
Place, and his Azimuth being given; 
to find his Altitude, and the Hour. 


Rectify the Globe for the Latitude, the 
Zenith, and Sun's Place; then put the 
Quadrant of Altitude to the Sun's Azimuth 
in the Horizon, and turn the Globe till the 


Sun's Place meet the Edge of the Quadrant 


then the ſaid Edge will ſhew the Altitude, 
and the Index point to the Hour. Thus, 
May the 10th at London, when the Sun is due 
Eaſt, his Altitude will be about 24 Degrees, 


and the Hour about VII in the Morning : 
K and 


The- Ur —-. 
and when his Azimuth is 60 Degrees South: 
Weſterly, the Altitude will be about 442 
Degrees, and the Hour about 24 in the Af. 
ternoon. 

Thus, the Latitude and the Day being 
known, and having beſides either the Alti- 


tude, the Azimuth, or the Hour ; the other 


two may be caſily found, 


| PRO B. XXXIV. The K the Sun's 
Altitude, and his Azimuth, being given; 


to find his Place in the Ecuprick and 


the Hour. 


Rectify the Globe for the Latitude and 
Zenith, and ſet rhe Edge of the Quadrant, 
to the given Azimuth; then turning the 
Globe about, that Point of the Ecliptick 
which cuts the Altitude, will be the Sun's 
Place. Keep the Quadrant of Altitude in 
the ſame Poſition, and having brought the 
Sun's Place to the Meridian, and the Hour- 
Index to 12 at Noon; turn the Globe about 
till the Sun's Place cuts the Quadrant of 
Altitude, and then the Index will point the 
Hour of the Day. 


PRO B. XXXV. The Declination and Me- 
ridian Altitude of the Sun, or of any 


Star being given; to find the nn of 
the Place. 


Mark the Point of Declination upon the 
Meridian, according as it is cither North or 


South, 
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8 South, from the Equator; then ſlide the ol 
e Af. Meridian up or down in the Notches, till My 
the Point of Declination be ſo far diſtant 1 
being from the Horizon, as js the given Meridian vi 
Alti. Altitude; that Elevation of the Pole will 9 
other be the Latitude. 0 
Thus, If the Sun's, or any Star's Meridian nk 
Altitude be 5o Degrees South, and its De- 14 
Sun's clination 114 Degrees North, the Latitude | (yl 
Ven; will be 51+ Degrees North. | 4 
E and | 3 WES | 9 
PAO B. XXXVI. The Day and Hour of 4 0 
1 Lunar Eclipſe being known; to find all [74.108 
drant, Thoſe Places upon the Globe in which 
> the the ſame will be viſible. | 
iptick * Find where the Sun is Vertical at the Pros. 13. 
Sun's given Hour, and bring that Point to the 
ade in Zenith; then the Eclipſe will be viſible in 
ht the all thoſe Places that are under the Horizon * 
Hour- Or, if you bring the Antipodes to the Place 
about where the Sun is Vertical, into the Zenith, 
nt of you'll have the Places where the Eclipſe will 
nt the be viſible above the Horizon. - | 
Note, Becauſe Lunar Eclipſes continue 
ſometimes for a long while together, they 
d Me- may be ſeen in more Places than one He- 
f any miſphere of the Earth; for by the Earth's 
ude of Motion round its Axis, during the Time of 
| the Eclipſe, the Moon will riſe in ſeveral 
Yn the Places after rhe Eclipſe began. 
th or Note, When an Eclipſe of the Sun is 
zouth, Central, if you bring the Place where the 


K 4 Sun 
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Sun is Vertical at that Time, into the Ne 
nith, ſome part of the Eclipſe will be viſt- 
ble in moſt Places within the upper Hemi- 
ſphere : but by reaſon of the ſhort Duration 
of Solar Eclipſes, and the Latitude which 
the Moon commonly has at that Time, 
(tho' but ſmall) there is no certainty-in 


determining the Places where thoſe Eclipſes. 


will be viſible, by the Globe ; but recourſe 
muſt be had to Calculations. - UT. 


PRO B. XXVII. The Day of the Mouth, 
and Hour of the Day, according to: bur 
way of reckoning in England, being given, 
to find thereby the Babylonick, Italick, 

and the Jewiſh or Fudaical Hour. 


r. To find the Babylonick Hour (which 
is the Number of Hours from Sun-riſing;) 
Having found the Time of Sun-rifing in 
the given Place, the Difference betwixt this 
and the Hour given, is the Babylonicł Hour. 

2. To find the Ttalick Hour, (which is 
the Number of Hours from Sun-ſetting,) 
Subtract the Hour of Sun-ſctting, from the 
given Hour, and the Remainder will be ane 
Ttalick Hour required. 

3. To find the Few:ſh Hour, (which is 
* Part of an Artificial Day.) Find how 
many Hours the Day conſiſts of; then fay; 
as the Number of Hours the Day conſiſts 
of, is to 12 Hours ; ſois the Hour ſince Sun- 
riling, to the Judaical Hour required. 
Thus, 
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Thus, If the Sun rifes at 4 o'Clock, 
(conſequently ſets at 8) and the Hour given 


be 5 in the Evening, the Babylonick Hour 


will be the 137%; the Italicł the 21/2; and 
the Jewiſb Hour will be Nine and three 
Guarters. *. 

The Converſe being given, the Hour of 
the Day, according to our way of reckon- 
ing in England py be eaſily found. 

The following Problems are peculiar to 
the Celeſtial Globe. A 


p RO B. XXXVIII To find the Right Glen 
ſion and Declination of the Jun or any 
Fixed Star. | | 


Bring the Sun's Place in the Ecliptick to 
the Meridian, then that Degree of the E- 
quator, which is cut by the Meridian, will 
be the Sun's Right Aſcenſion ; and that De- 
gree of the Meridian, which is exactly over 
the Sun's Place, is the Sun's Dechnation. 
After the ſame manner, bring the Place of 
any Fixed Star to the Meridian, and you'll 
find its Right Aſcenſion in the Equinoctial, 
and Declination on the Meridian. 

Thus, the Right Aſcenſion and Declina- 
tion is found, after the lame manner as the 
Longitude and Latitude of a Place upon 
the Terreſtrial Globe, 

Note, The Right Aſcenſion* and Decli- 
nation of the Sun vary every Day; but the 

K 3 Right 


133 


The Uſe of 


Right Aſcenſion, &c. of the Fixed Stars 
is the ſame throughout the Year. * 


The Sun's Right Aſcenſion. Declin. 


"Re. JA 

January 20 — 314=-175S. 
March 25 — 14— 6 N. 

Thus on July 10 — I 20 - 204 N. 
Y Novemb.1 15 — 242 — 21 8. 


R. Aſc. Decl. 


0 


Deg. Deg. 

| Aldebaran ——— 65 16 N, 
Spica Virginis —— 1974 9x S. 
Capella —— 74 457 N. 


Syrius, or the Dog- Star 985 164 8 


Note, The Declination of the Sun may 
be found after the ſame manner, by the 
Terreſtrial Globe; and alſo his Right Aſcen- 
ſion, when the Equinoctial is numbered 
into 360 Degrees, commencing at the Equi. 
noctial Point Y: but as the Equinoctial is 
not always numbered ſo; and this being 
properly a Problem in Aſtronomy, we chule 
rather to place it here. 

By the Converſe of this Problem, having 
the Right Aſcenſion and Declination of any 


The inſenſible Change in the Longitude, Right Aſcenſion, 
and Declination of the Fixed Stars, made by their flow Mo- 
tion, parallel to the Ecliprick (being bur 1 Degree in 72 Years) 
is not worth notice in this Place. 


Point 


By th 
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Point given, that Point it ſelf may be eaſily 
found upon the Globe. 


PRO B. XXXIX. To find the Longituae and 
Latitude of a given Star. 


Having brought the Solſtitial Colure to 
the Meridian, fix the Quadrant of Altitude 
over the proper Pole of the Ecliptick, whe- 
ther it be North or South; then turn the 
Quadrant over the given Star; and the Arch 
contained betwixt the Star and the Ecliptick, 
will be the Latitude, and the Degree cut on 
the Ecliptick will be the Star's Longitude. 

Thus, the Latitude of Arcturus will be 
found to be 31 Degrees North, and the Lon- 
girude 200 Degrees from V, or 20 Degrees 
from =: The Latitude of Fomalhaut in 
the Southern Fiſh, 21 Degrees South, and 
Longitude 2994 Degrees, or & 295 Degrees. 
By the Converſe of this Method, having the 
Latitude and Longitude of 2 Star given, it 
will be eaſy to find the Star upon the Globe. 

The Diſtance betwixt two Stars, or the 
Number of Degrees contained between them, 
may be found, by laying the ee of 
Altitude over each of them, and counting 
the Number of Degrees intercepted; aſter 
the ſame manner, as we found the Diſtance 
betwixt two Places on the Terreſtrial Globe, 
in Prob. VII. 
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Pros. XL. The Latitude of the Place, 
' the Day of the Month, and the Hour 
being given; to find what Stars are 
then riſing or ſetting, what Stars are Cul: 
minating or on the Meridian, and the Al. 
titude and Azimuth of any Star abave 
the Horizon: and alſo how to diſtin 
_ guiſh the Stars in the Heavens one fron 
the other, and to know them by t hei 
proper Names. 


Having rectified the Globe for the La. 
titude, the Zenith, and the Sun's Place ; turn 
the Globe abont until the Index points to 
the given Hour: the Globe being kept in 
this Poſition, | 


3 Eaſtern 
All thoſe Stars that are in the wW _—y 


Side of the Horizon, are then 4 25 
All thoſe Stars that are under the Meridin 
are then Culminating. And if the Quz 
drant of Altitude be laid over the Center ol 
any particular Star, it will ſhew that Stars 
Altitude at that Time, and where it cuts the 
Horizon will be the Star's Azimuth from the 
North or South part of the Meridian. 

The Globe being kept in the ſame Elcvi 
tion, and from turning round its Axis; 
move the wooden Frame about until thc 
North and South Points of the Horizon lic 

| exact 


Place, 
> Hour 
are 
re Cul- 
the Al. 
above 
diſtin 
ze from 
y thei 


he La 
> 3 turn 
IInts to 
kept in 


=] 


at Stars 
-uts the 
om the 


. 

e Elva 
s Axis; 
itil the 
izon lic 
exactij 
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exactly in the Meridian; then right Lines 
imagined to paſs from the Centre thro' each 
Star upon the Surface of the Globe, wall 
point out the real Stars in the Heavens, which 
thoſe on the Globe are made to repreſent. 
And if you are by the ſide of ſome Wall, 
whole Bearing you know, lay the Quadrant 
of Altitude to that Bearing in the Hori- 
zon, and it will cut all thoſe Stars, which at 
that very Time are to be ſeen in the ſame 


Direction, or cloſe by the ſide of the ſaid 


Wall. Thus knowing ſome of the remark- 
able Stars in any part of the Heavens, the 
Neighbouring Stars may be diſtinguiſhed, by 
obſerving their Situations with reſpect to 
thoſe that are already known, and compa- 
ring them with the Stars drawn upon the 
Globe. 

Thus, if you turn your Face towards the 


North, you will find the North Pole of the 


Globe points to the Pole- tar; then you 
may obſerve two Stars ſome what leſs bright 
than the Pole-Star, almoſt in a right Le 
with it, and four more which form a ſort of 


a Quadrangle; theſe Seven Stars make the 


Conſtellation called the Little Bear, the 
Pole- Star being in the Tip of the Tail. In 
this Neighbourhood you'll obſerve ſeven 
bright Stars which are commonly called 
Charles's Wane; theſe arc the bright Stars 
in the Great Bear, and do form much ſuch 
another Figure with thoſe before mentioned 

in 
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in the Little Bear: the two foremoſt of the 


Square lie almoſt in a right Line with the 
Pole-Star, and are called the Pointers; ſo 
that knowing the Pointers, you may caſily 
find the Pole-Star. Thus the reſt of the 
Stars in this Conſtellation, and all the Stars 


in the Neighbouring Conſtellations, may be 


eaſily found, by obſerving how the unknown 


Stars lic either in Quadrangles, Triangls | 


or Streight Lines, with thoſe that are alt 
dy known upon the Globe. 

After the ſame manner the Globe being 
rectified, you may diſtinguiſh thoſe Star 
that are to the Southward of you, and be 
ſoon acquainted with all the Stars that are 
viſible in our Hemiſphere. 
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The Globe being rectified to the Latitude 
of any Place, if you turn it round its Axis; 


all thoſe Stars that do not go below the Ho- 


rizon during a whole Revolution of the 
Globe, never (ſet in that Place; and thoſe 


that do not. come above the Horizon, never. 


riſe. 


Pros. XLI. The Latitude of the Plite 


being given; to find the d de 
Oblique Aſcenſion and Deſcenſion, A- 
Wer onal Difference ; Semi. Diurnal 


Arch, and the Time of Continuance a- 
bove 
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of the bove the Horizon, of any LI Point in 
th the the Heavens. 
M ſo — 
eaſily Having reQified the Globe for the Lati-- 
of the Nude, and brought the given Point to the 
e Stars Meridian, ſet the Index to the Hour of 123 
may be then turn the Globe until the given Point 
known be brought to the Eaſtern ſide of the Hoxi- 
zangle: on, and that Degree of the Equinoctial 
> alra- Nyhich is cut by the Horizon at that Time, 
will be the Oblique Aſcenſion; and where 
: being the given Point cuts the Horizon, is the 
: Stars I Amplitude Ortive : If the Globe be turned 
and be about until the given Point be brought to 
lat are the Weſtern Side of the Horizon, it will 
there ſhew the Amplitude Occaſive; and 
where the Horizon cuts the Equinoctial at 
that Time, is the Oblique De ſcenſion. 

The Time between the Index at either of 
atitude ¶ theſe two Poſitions, and the Hour of 6, or 
s Axis; ¶ the Difference between the Oblique Aſcen- 
he Ho on and Deſcenſion, is the Aſcenſional 
of tix WD:Ference. 

i thoſe lt the Place be in North Latitude, and the 
„ never. 1 


I 


Declination of the given Point be 


the Aſccnſional Difference reduced - into 
Plate | added to on 
Firs SURE, $RG 4 ſubſtracted from F 6 o Clock, 
n, A. ¶ues the Semi- Diurnal Arch; the Comple- 
J;urnal ment whereof to a Semicircle, is the Se- 
nce a- ni. Nocturnal Arch. if the Place be in 
bo South 
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South Latitude, then the * is to * Sect. 3 
obſerved with reſpe& to the Declination. x 
un 
The . ee =o: Arch being dou: Thel 
bled, gives the Time of Continuance ut for 
ore 7 the Horizon. Or the Time 33 
below a oi ne Lea 
Continuance above the Horizon, may bel Int 
found by counting the Number of Hours} Amp 
contained in the upper Part of the Horary OB, 
Circle, betwixt the Places where the Index Oblie 
pointed when the given Point was in the Aſce 
| Eaſtern and Weſtern Parts of the Horizon. Semi 
If the given Point was the Sun's Place, the Con 
Index pointed the Time of his Riſi ing and 8 
Setting, when the ſaid Place was in the R o B. 
Eaſtern and Weſtern Parts of the Horizon, a the 2 
in Prob. 18, Or the Time of Sun-xiſing i wher 
may be found by adding or ſubtracting his vidi 
Aſcenſional Difference, to or from theHour and 
of Six, according as the Latitude and De- 
clination arc either contrary or the ſame Havi 
way. tude an 
Thus, at London on the 2oth of April, tar to 
the Suns Weſt 8 
Amplitude, is 24 Degrees Northerly. vill ſhe 
Oblique Aſcenſion, 20. tes, 
Oblique De ſcenſion, 58. Thu. 
Aſtenſ zonal Difference, 19. Hrius 
Semidiurnal Arch, 109. ter paſl 
His Continuance above the Hotizon 143 Hours, 
Hours. the Me 


Sun 


is to be 
ion. 


ing dou- 


inuanceſi 
"ime off 


may be 
f Hours| 


Horary 
le Index 


s in the 


lorizon. 


ice, the. 
ing and} 
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ind De- 
1C ſame 


April, 
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Sun riſes at three Quarters paſt Four! 
Sun ſets at a Quarter paſt Seven. 


Theſe things for the Sun vary every Day ; 
hut for a fixed Star, the Day of the Month 


xed not be given, for they are the fame alt 


the Year round. 

In the Latitude of 512 North, Syrins's 
Amplitude, is about 28 Degrees Southerly. 
Oblique Aſcenſion, 12 1. 

Oblique Deſcenſion, 75. 

Aſcenſiona D. Ference, . 
Semi- diurnal Arch, . 
Continuance above the Horizon 9 Hours 


ROB. XIII 7 he 1 and 1 D. 
the Month being given; to find the 4 
when any known Star will be on the Me- 
ridian, and alſo the Time of ts eurer 
and Setting. 


Having rectified the Globe for the Lart: 


ade and the Sun's Place; bring the given 
(tar to the Meridian, and alſo to the Eaſt or 
Weſt Side of the Horizon; and the Index 
vill ſhew accordingly, when the StarCulmi- 
utes, or the Time of its Niſing or Jerting. 

Thus at London on the 10th of January, 
Hrius will be upon the Meridian at a _ 


ter paſt Ten in the Evening; riſes at 5+ 


Hours, and ſets at three Quarters parry two in 
the Morning: 


By 
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a . fix the 

By the Converſe of this Problem, know- ¶ and ſe 
ing the Time when any Star is upon the Me- z0n; 
ridian, you may eaſily find the dun s Place. Y Quadr 
Thus, bring the given Star to the Meridian, | he Ins 
and ſet the Index to the given Hour; then | 


The 

turn the Globe until the Index points to 12 may b 
at Noon, and the Meridian will cut the Suns * 
Place in the Ecliptick. Thus when Syrius wind. 
comes to the Meridian at 10+ Hours after jou m 
Noon, the Sun's Place will be * 15 Degrees her T. 
2 | \ | from {| 

Pros. XLIII. To find at what Time of the Circle, 
Tear a given Star will be upon the Me. Degree 
ridian, at agiven Hour of the Night. | 2s 

Rt 3% cls as 

Bring the Star to the Meridian, and ſet the] back | 
Indexto 12 at Noon, then turn the Globe BO 
till the Index points to the given Hour, and ſuppor 
the Meridian will cut the Ecliptick in the bk os 
Sun's Place; whence the Day of the Month 51. Be 
may be eaſily found in the Kalendar upo Edge « 
the Horizon. cloſe tc 
| TY about 

P ROB. XLIV. The Day of the Month, andi Point | 
- the Azimuth of any known Star being gi vays c 
ven; to find the Hour of the Night. kye al 
| berceiv 

Having rectified the Globe for the Latitudg a any 


and the Sun's Place; if the given Star bg 
due North or South, bring it to the Meriß 
dian, andthe Index will ſhew the Hour of the 
Night. If the Star be in any other — | 


10. 
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fix the Quadrant of Altitude in the Zenith, 
and ſet it to the Star's Azimuth in the Hori- 
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zon; then turn the Globe about until the 
Quadrant cuts the Center of the Star, and 
the Index will ſhew the Hour of the Night. 

The Bearing of any Point in the Heavens 
may be found by the following Methods. 

Having a Meridian Line drawn in two 
Windows, that are oppoſite to one another, 
you may croſs it at right Angles with ano- 
ther Line, repreſenting the Eaſt and Weſt ; 
from the Point of Interſection deſcribe a 
Circle, and divide each Quadrant into 90 
Degrees; then geta ſmooth Board, of about 
Feet long, and + Foot broad, (more or 
lels as you judge convenient) and on the 
back part of it fix another ſmall Board 
croſswiſe, ſo that it may ſerve as a Foot to 
ſupport the biggeſt Board upright, when it 
z ſet upon a Level, or an Horizontal Plain. 
The Board being thus prepared, ſet the lower 
Edge of the ſmooth, or fore Side of it, 
doſe to the Center of the Circle, then turn it 
bout to the Meridian, or to any Azimuth 
Point required, (keeping the Edge of it al- 
ways cloſe to the Center) and caſting your 
kye along the flat Side of it, you'll eaſily 
perceive what Stars are upon the Meridian, 
or any other Bearing that the Board is ſet 
to, 
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PRO B. XLV. Two known Stars having the Wl ind 
ſame Azimuth, or the ſame Height, being 
giuen; to find the Hour of the Night. | 


Rectify the Globe for the Latitude, the PRC 


Zenith, and the Sun's Place. th 
I. When the two Stars are in the ſame kn 
Azimuth. Turn the Globe, and alſo the H 
adrant about, until both the Stars coincide Re 
with the Edge thereof; then will the Index MI ande 
ſhew the Hour of the Night: and where | Ouad 
the Quadrant cuts the Horizon, is the com. till ++ 
mon Azimuth of both Stars. 2 
2. If the two Stars are of the ſame Al. hom? 
titude, move the Globe ſo, that the ſatnciI the > 
Degree on the Quadrant will cut both Stars; ¶ cuts 
then the Index will ſhew the Hour. the Se 

This Problem is uſeful when the Quantity 

of the Azimuth of the two Stars, in the firſt 
Cale, or of their Altitude in the latter Caſe If th, 
is not known. 0 2 
of | 


1f two Stars were given, one on the Me. 
ridian, and the other in the Eaſt or Weſt Ret 


Part of the Horizon ; to find the Latif Zenit} 
tude. Coture 


Bring that Star, which was obſerved on at Noc 


the Meridian, to the Meridian of the Globe own 5 
and keep the Globe from turning round it: wr * 


Axis; then ſlide the Meridian up or dow 
3 | ing 
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in the Notches, till the other Star is brought 
. to the Eaſt or Weſt Part of the Horizon, 
5 the and that Elevation of the Pole will be the 
being WM Latitude ſought. 


gbr. 

de. the PRO B. XLVI. The L i of 
k ; the Month, and the Altitude of 7 
e ſame known Star being given; to find t 


Uſo the Hour of the Night. 


oincide Rectify the Globe for the Latitude, Zeniths 
e Index WM and Sun's Place: Turn the Globe, and the 
where Quadrant of Altitude, ' backward or forward, 
Ic com- till the Center of that Star meets the Qua- 

drant in the Degree of Altitude given; 
me Al. then the Index will point the true Hour of 
e lame the Night; and alſo where the Quadrant 
h Stars; cuts the Horizon, will be the Azimuth of 
the Star at that Time. 


Juantity 
the firſt 


er Cai: Fe Latitude, Sun's Altitude, and his 


Declination (inſtead of his Place in the 
Ecliptick) are given; to find the Hour 


Foy” of the Day, and Azimuth. 
e4 


or Weſt 


| Rectify the Globe for the Latitude and 
e Lat. 


Zenith ; and having brought the Eguinoctial 
Colure to the Meridian, ſet the Index to 12 
at Noon : which being done, turn the Globe 

Globe and the Quadrant, until the given Declina- 
Are on in the Equinoctial Colure cuts the Al- 
un titude on the Quadrant; then the Index 
— * bh ; 5 will 


rved on 
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will ſhew the Hour of the Day, and the 
Quadrant cut the Az/mnth in the Horizon. 


I the Altitude of two Stars on the ſame 
Azimuth, were given; to find the La. 
titude of the Place. 


Set the Quadrant over both Stars at the 
obſerved Degree of Altitude, and keep it 


faſt upon the Globe with your Fingers; 
then flide the Meridian up or down in 


the Notches, till the Quadrant cuts the 


iven Azimuth in the Horizon; that Ele- 
vation of the Pole will be the Latitude re- 
quired. 


PRO B. XLVII. Having the Latitude of 
the Place, to find the Degree of the | 


Ecliptick, which riſes or ſets with 4 
given Star; and from thence to deter. 


nine the Time of its Coſmical and Achro- | 


nical Riſing and Setting. 


Having reQificd the Globe for the Lati- 
tude, bring the given Star to the Eaſtern 
Side of the Horizon, and mark what De- 
grce of the Ecliptick riſes with it: Look 
tor that Degree in the Wooden Horizon, 
and right againſt it, in the Kalendar, youll 
find the Month and Day when the Star riſes 
Coſmically. If you bring the Star to the 
Weſtern Side of the Horizon, -that Re 
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of the Ecliptick which riſes at that Time, 


147 


will give the Day of the Month, when the 


ſaid Star ſets Coſmically. Solikewile againſt 
the Degree which ſets with the Star, you'll 
find the Day of the Month of the Achronical 
Setting ; and if you bring it to the Eaſtern 
Part of the Horizon, that Degree which 


ſets at that Time will be the Sun's Place 


when the Star riſes Achronically. 


Thus, in the Latitude of London, Syrius, 


or the Dog- Star, riſes Coſinically the 3oth 
of July; and ſets Coſmically the 30th of 
October. Aldebaran, or the Bull's- Eye, 
ſes Achronically on the 11th of May, 
and ſets Achronically on the 87h of De- 
tember. | | 


ROB. XLVIIL Having the Latitud- 
of the Place, to find the Time when 4 
Star riſes and ſets Heliacally. 


Having rectified the Globe for the Lati- 
tude, bring the Star to the Eaſtern Side of 
Quadrant round 
o the Weſtern Side, till it cuts the Ecliptick 
n twelve Degrees of Altitude above the 
Horizon, if the Star be of the firſt Magni- 
ude; then that Point of the Ecliptick which 
s cut by the Quadrant, is 12 Degrees high, 
bove the Weſtern Part of the Horizon, 
vhen the Star riſes; but at the ſame time 
tne oppoſite Point in the Ecliptick is 12 
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Degrees below the Eaſtern Part of the Hori- 
zon, which is the Depreſſion of a Star of 
the firſ# Magnitude, when ſhe riſes Helia- 
cally ; or has got ſo farfrom the Sun's Beams, 
that ſhe may be ſeen in the Morning before 
Sun-riſing. Wherefore look for the ſaid 
Point of the Ecliptick on the Horizon, and 
right againſt it will be the Day of the Month 
when the Star riſes Heliacally. To find the 
Hleliacal Setting: Bring the Star to the 

Weſt Side of the Horizon, and turn the 
Quadrant about to the Eaſtern Side, till the 
12th Degree of it above the Horizon, cuts 
the Ecliptick; then that Degree of the E- 
cliptick, which is oppoſite to this Point, is 
the Sun's Place when the Star ſets Helia- 
cally. 5 

Thus, you'll find that Arcturus riſes He- 
liacally the 17 % of September ; and ſets 
Heliacally, November the 21ſt. 


PRoB. XLIX. To find the Place of any 
Planet upon the Globe; and ſo by that 
means, to find its Place in the Heavens: 


Alſo to find at what Hour any Planet 


will riſe or ſet, or be on the Meridian, 
at any Day in the Tear. 


You muſt firſt ſeek in an Ephemerides, 


(Parker's Ephemeris will do well enough) 
for the Place of the Planet propoſed on that 


Day; then mark that Point of the Ecliptick, 
either 


Glob 
a litt 
abou 

Th 
be c 


 Hori- 
tar of 
Helia- 
3eams, 
before 
e ſaid 
n, and 
Month 
nd the 
to the 
rn the 
till the 
1, Cuts 
the E- 
Int, is 


Helia- 


ſes He- 
id ſets 


of any 
that 
gens: 
Planet 


ridian, 


1erides, 
nough) 
on that 
liptick, 

either 


Leo. 


Sect. 3. ih Gro 5s. 


either with Chalk, or by ſticking on a little 
black Patch; and then for that Night you 
may perform any Problem, as before, by a 
Fixed Star. 

Let it be required to find the Situation 
of Jupiter among the Fixed Stars in the 
Heavens, and alſo whenabouts it riſes and 
ſets, and comes to the Meridian, on the 
20th of November, 1730, at London. 

Looking for the 20th of November 1730, 
in Parker's Ephemeris, I find that Fupiter's 


Place at that Time is in about 9 Degrees of 


IR; Latitude 1 Degree North. Then look- 
ing for that Point upon the Celeſtial Globe, 
I find that * is then among the ſmall Stars 
that lie under the Bclly of the Conſtellation 


To find when he riſes and ſets, and comes 
to the Meridian : Having put a little black 
Patch on the Place of Jupiter, elevate the 
Globe according to the Latitude; and having 
brought the Sun's Place to the Meridian, 
ſet the Hour-Index to 12 at Noon : then 
turning the Mark which was made for Ju- 


piter, to the Eaſtern Part of the Horizon, 


I find # will riſe at about a quarter paſt 
11 o'Clock at Night; and turning the 
Globe about, I find it comes to the Meridian 
a little after Six in the Morning; and ſets 
about 1 o' Clock in the Afternoon. 

This Example being underſtood, it will 


be caly to find when either of the other 
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two ſuperior Planets, viz. Mars and $a. 
turn, Riſe, Set, and come to the Meridian. 

I ſhall conclude this Subject about the 
Globes with the following Problem. 


PRO B. L. To find all that Space upon the 
Earth, where an Eclipſe of one of the 
Satellits of Jupiter will be viſible. 


Having found that Place upon the Earth, 
in which the Sun is Vertical, at the Time: 
of the Eclipſe, by Prob. 13. Elevate the 
Globe according to the Latitude of the ſaid 
Place; then bring the Place to the Meridian, 
and ſct the Hour-Index to 12 at Noon. If 
Fupiter be in Conſequence of the Sun, draw 
a Line with Black-Lead, or the like, along the 
Eaſtern Side of the Horizon, which Line 
will paſsover all thoſe Places where the Sun 
is ſetting at that Time: then count the 
Difference betwixt the Right Aſcenſion of 
the Sun, and that of Jupiter; and turn the 
Globe Weſtward, until the Hour-Index points 
to this Difference; then keep the Globe from 
turning round its Axis, and elevate the Me- 
ridian, according to the Declination of Ju. 
piter. The Globe being in this Poſition, 
draw a Line along the Eaſtern Side of the 
Horizon, then the Space between this Line, 
and the Line before drawn, will compre- 
hend all thoſe Places of the Earth where 
Jupiter will be viſible, from the ſetting of 
the Sun, to the ſetting of Jupiter. 


Bur 


taine« 
draw! 
upon 
betw( 


my 
an. 
the 


2 the 
F the 


Earth, 

T ime- 
te the 

ie ſaid 
1dian, 

3 
draw 
ng the 
Line 
ne Sun 
nt the 
ion of 
irn the 
points 
e from 
1e Me- 
of Ju- 
dition, 
of the 
s Line, 
mpre- 
where 
ting of 


Bur 


Sect. 3. the GLOBES. 

But if Jupiter be in Antecedence of 
the Sun, (i. e. riſes before him) having brought 
the Place where the Sun is Vertical, to the 
Zenith, and put the Hour-Index to 12 at 


Noon, draw a Line on the Weſtern Side of 


the Horizon; then eleyate the Globe ac- 
cording to the Declination of Fapzter, and 
turn it about Eaſtwards, until the Index 
points to ſo many Hours diſtant from Noon, 
as is the Difference of Right Aſcenſion of 
the Sun and Jupiter. The Globe being in 


this Poſition, draw a Line along the Weſtern 


Side of the Horizon ; then the Space con- 
tained between this Line, and the other laſt 
drawn, will comprehend all thoſe Places 
upon the Earth, where the Eclipſe is viſible, 
between the riſing of the Sun and Jupiter. 


The 
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The DESCRIPTION of the 


Great OR RRR Y, lately made by 
Mir. T HO. W RIGHT, Mathema- 
tical Inſtrument- Maker 20 His 
MAI ESTV. ä 


HE ORRERY. is an Aſtronomi- 
cal Machine, made to repreſent 
the Motions of the Planets, as 
they really are in Nature: Theſe 

Machines are made of various 
Sizes, ſome having more Planets than others; 
but I ſhall here confine my ſelf to the De- 
ſcription of that above mentioned. 

In the Introduction we gave a ſhort Ac- 
count of the Order, Periods, Diſtances, 
and Magnitudes of the Primary Planets ; 


and of the Diſtances and periodical Revo- 


Iutions of the Secondary Planets round their 


reſpective Primarics. We ſhall here explain 


their Stations, Retrogradations, Eclipſes, 


and Phaſes, &c. but firſt let us take a ge- 


neral view of the Orrery. 
The 
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The Frame which contains the Wheel- Te De- 
Work, c. that regulates the whole Ma- . 
chine, is made of fine Ebony, and is nearrery. 
four Feet in Diameter ; the outſide thereof 
is adorned with twelve Pilaſters, curiouſly 
wrought and gilt: Between theſe Pilaſters, 
the twelve Signs of the Zodzack are neatly 
painted, within gilded Frames. Aboye the 
Frame is a broad Ring,ſupported with twelve % Fron- 
Pillars: This Ring repreſents, the Plane Nokia 
the Ecliptick, upon which there is two 
His Scales of Degrees, and between thoſe the 
Names and Characters of the twelve Signs. 
Near the Outſide is a Scale of Months and 
Days, exactly correſponding to the Sun's 


nomi- Place at Noon, each Day throughout the 
reſent Year. 
ts, 28 Above the Ecliptick ſtand ſome of the 


Theſe WM principal Circles of the Sphere, according 
arious MW to their reſpective Situation in the Heavens, 
thers; vg. Ne 10, are the two Colures, divided 
c Dc- into Degrees, and Half Degrees: Ne 11, is 
one Half of the Equinoctial Circle, making 

rt Ac- an Angle with the Ecliptick of 234 Degrees: 
ances, The Tropick of Cancer, and the Arctic Circle, 
anets; are each fixed parallel, and at their proper 
Revo- | Diſtance from the Equinoctial. On the 
d their Northern Half of the Ecliptick, is a braſs 
xplain © Semicircle, moveable upon two Points fixed 
-lipſes, in Y and =: This Semicircle ſerves as a 
a ge- © moveable Horizon, to be put to any De- 
gree of Latitude upon the North Part of 

The the 


* 
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the Meridian. The whole Machine is alſo ſo 
contrived, as to be {et to any Latitude, with- 


out in the leaſt affecting any of the inſide 


Motions : For this putpoſe there are two 
ſtrong Hinges (N' 13.) fixed to the bottom 
Frame, upon which the Inſtrument moves, 
and a ſtrong Braſs Arch, having Holes at 
every Degree, thro' which a ſtrong Pin is to be 
put, according to the Elevation. This Arch, 
and the two Hinges, ſupport the whole Ma- 
chine, when it is lifted up according to any 
Latitude; and the Arch at other times lies 
conveniently under the bottom Frame. 

When the Machine is ſet to any Latitude 
(which is caſily done, by two Men, each 
taking hold of two Handles, conveniently 
fixed for that purpoſe) ſet the moveable 
Horizon to the ſame Degree upon the Me- 
ridian, and you may form an Idea of the 
reſpective Altitude, or Depreſſions of the 
Planets, above or below the Hotizon, ac- 
cording to their reſpective Poſitions, with 

regard to the Meridian. 

Within the Ecliptick, and nearly in the 
ſame Place thereof, ſtand the Sun, and 
all the Planets both Primary and Secondary, 
The Sun (Ne 1.) ftands in the middle of the 


whole 3 upon a Wire, making an 


Angle with the Plane of the Ecliptick, of 
about 82 Degrees, which is the Inclination 
of the Sun's Axis, to the Axis of the Eclip- 


tick, Next the Sun is a ſmall Ball, (N' 2.) 
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repreſenting Mercury: Next to Mercury 
is Venus (Ne 3.) repreſented by a larger 
Ball, (and both theſe ſtand upon Wires, fo 
that the Balls themſelves may be more viſi. 
bly perceived by the Eye.) The Earth is re- 
preſented (Ne 4.) by an Ivory Ball, having 
ſome of the principal Meridians and Paral- 
lels, and a little Sketch of a Map deſcribed 


upon it. The Wire which ſupports the 
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Earth, makes an Angle with the Plane of the 


Ecliptick of 6645 Degrees, which is the In- 
clination of the Earth's Axis to that of the 
Ecliptick. Near, the Bottom of the Earth's 


Axis is a Dial-Plate, (Ne g.) having an Index 


point ing to the Hours of the Day, as the 
Earth turns round its Axis. 

Round the Earth is a Ring ſupported by 
two ſmall Pillars; which Ring repreſents 
the Orbit of the Moon, and the Diviſions 
upon it anſwer to the Moon's Latitude ; the 
Motion of this Ring repreſents the Motion 
of the Moon's Orbit according 
the Nodes. Within this Ring is the Moon 
(Ne 5.) having a black Cap or Caſe, which 
by its Motion repreſents the Phaſes of the 
Moon according to her Age. Without the 
Orbits of the Earth and Moon is Mars 
(No 6.) The next in Order to Mars, is Ju- 
piter and his four Moons, (N*7.); each of 
theſe Moons is ſupported by a crooked 


to that of 


Wire, fixed in a Socket which turns about 
the Pillar that ſupports Jupiter: theſe Sa- 


tellits 


156 The Deſcription of 


tellits may be turned by the Hand to any mad 


Poſition ; and yet when the Machine. is put ſtant 
in motion, they'll all move in their proper on a 
Times. The outermoſt of all is Saturn 1 


and his five Moons, (Ne 8.) theſe Moons 
are ſupported and contrived after the ſame 
manner with thoſe of Jupiter. The whole 
Machine is. put into Motion by turning a 
ſmall Winch, (like the Key of a Clock, 
Ne 14); and all the inſide Work is fo 
truly wrought, that notwithſtanding the 
vaſt Number of Wheels that are to be turned, 
it does not require above the Strength of a 
fine Hair to put the whole in motion. 
Above the Handle, there is a Cylindrical 
Pin, which may be drawn a little out, or 
puſhed in at pleaſure : When itis puſhed in, | 
all the Planets both Primary and Secondary 
will move according to their reſpective Pe- 
riods, by turning the Handle: when it is 
drawn out, the Motions of the Satcllits 
of Jupiter and Saturn will be ſtopped, while 
all the reſt move without interruption. 
This is a very good Contrivance to preſerve 
the Inſtrument from being clogged by the 
ſwift Motions of the Wheels belonging to 
the Satcllits of Jupiter and Saturn, when 
the Motions of the reſt of the Planets are 
only conſidered, 
There is alſo a braſs Lamp, having two 
convex Glaſſes, to be put in the room of 


the Sun; and alſo a ſmaller Earth and Moon, 
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made ſomewhat in Proportion to their Di- 
ſtance from each other, which may be put 
on at pleaſure. 

The Lamp turns round in the ſame time 
with the Earth, and by means of the Glaſſes 
caſts a ſtrong Light upon her: and when the 
ſmaller Earth and Moon are placed on, it 
will be eaſy to ſhew when either of them 
may be eclipſed. 

Having thus given a bricf Deſcription of 
the outward Parts of this Machine, I ſhall 
next give an Account of the Phenomena 
explained by it when it is put into Motion. 


I. Of the Motions of the Planets in general. 


Having put on the Handle, puſh in the 
Pin which is juſt above it, and place a ſmall 
black Parch (or bit of Wafer) upon the mid- 
dle of the Sun (for Inſtance) right againſt 
the firſt Degree of Y; you may alſo place 
Patches upon Venus, Mars and Fupiter, 
right againſt ſome noted Point in the Eclip- 
tick. If you lay a Thread from the Sun to 
the firſt Degree of T, you may ſet a Mark 
where it interſects the Orbit of each Planet; 
and that will be a help to note the Time of 
their Revolutions. 

One entire Turn of the Handle anſwers 
to the Diurnal Motion of the Earth round 
her Axis; as may be ſeen by the Motion of 
the Hour -· Index which is placed at the Foot of 

the 
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the Wire on which the Terella is fixed; 
When the Index has moved the ſpace of ten 
Hours, you may obſerve. that Jupiter has 
made one Revolution compleat round its 
Axis; the Handle being turned until the 
Hour - Index has paſſed over 23 Hours, will 
bring the Patch upon Venus to its former 
Situation with reſpect to the Ecliptick, 
which ſhews that 2 has made one entire Re- 
volution round her Axis. Mars makes one 


compleat Revolution round his Axis in 24 


Hours and about 40 Minutes. When the 


Handle is turned 25+ times round, the Spot 


upon the Sun will point to the ſame Degree 
of the Ecliptick, as it did when the Inſtru- 
ment was firſt put into motion. By obſerving 
the Motions of the Spots upon the Surface 
of the Sun, and of the Planets in the 
Heavens, their Diurnal Motion was diſ- 
covered; after the ſame manner as we do 
here obſerve the Motions of their Repre- 
ſentatives, by that of the Marks placed up- 
on them. 

If while you turn the Handle you obſerve 
the Planets, you will ſee them perform their 
Motions in the ſame relative Times as they 
really do in the Heavens; cach making its 
Period in the Times mentioned in the Ta- 
bles, Page 24. 275 Turns of the Handle will 
bring the Moon round the Earth, which is 
called a Periodic Month, and all the while 
ſhe keeps the ſame Face towards the Earth: 
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for the Moon's Annual and Diurnal Motion 
are performed both in the ſame Time near- 
ly, ſo that we always ſee the ſame Face or 
Side of the Moon. 

If before the Inſtrument is put into Mo- 
tion, the Satcllits of Jupiter and Saturn 
be brought into the ſame right Line from 
their reſpective Primaries, you'll ſee them 
as you turn the Handle immediately diſpers'd 
from one another, according to their dif- 
ferent Celerities. Thus, one Turn of the 
Handle will bring the firſt of Jupiters 
Moon's about + part round Jupiter; while 
the ſecond has deſcribed but + part; the 
third but about ; and the fourth not quite 
xx part; each of its reſpeQive Orbit. If 
you turn the Handle until the Hour-Index 
has moved 18+ Hours more ; the firſt Satel- 
lit will be then brought into its former Po- 
tion, and ſo has made one entire Revolu- 
tion; the ſecond at the ſame time will be 
almoſt diametrically oppoſite to the firſt ; 
and ſo has made a little more than half of 
one Revolution : the others will be in dit- 
ferent Aſpects, according to the Length of 
their Periods, as will be plainly exhibited 
by the Inſtrument, The ſame Obſervations 
may be made with reſpect to the Satellits 
of Saturn. 


The Machine is ſo contrived, thas the 


Handie may be turned either way ; and it. 


before you put it into motion, you obſerve 
the 
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the Aſpect (or Situation with reſpect to each 
other) of the Planets, and then turn the C 
Handle round any Number of Times; the | 
ſame number of Revolutions being made 


backwards, will bring all the Planets to their op 
former Situations. I ſhall next procced to bec 
Particulars. | | mo! 
| | doe 
Of the Stations and Retrogradations of Why 
| the Planets. Junc 
| | the 
The Primary Planets, as they all turn {MW bo! 
round the Sun, at different Diſtances and ovet 
in different Times, appear to us from the the 
Earth to have different Motions; as ſome- exte 


times they appear to move from Weſt to 
Eaſt according to the Order of the Signs, 
which is called their direct Motion; then by 
degrees they ſlacken their pace, until at laſt 
$:ationary.they loſe all their Motion and become Sta- 
tionary, or not to move at all; that is, they 
appear in the ſame place with reſpect to the 
fixed Stars for ſome time together: After 
which they again begin to move, but with a 
contrary Direction, as from Eaſt to Weſt; 
| Rerrograde Which is called their retrograde Motion: 
Merion f then again they become Stationary, and af- 
'terwards reaſſume their direct Motion. The 
Reaſon of all theſe Appearances is very evi- 

dently ſhewn by the Orrery, 


I. Of 


the ORRERY. 


Of the Stations, &c. of the inferior 
Planets. 


Me ſhall inſtance in the Planet Mercury, 
becauſe his Motion round the Sun differs 
more from the Earth's than that of Venus 
does. 

When Mercury is in his ſuperior Con- 
junction (or when he is in a direct Line from 
the Earth beyond the Sun) faſten a String 
about the Axis of the Earth, and extend it 
over Mercury to the Ecliptick ; then turning 
the Handle, keep the Thread all the while 
extended over , and you'll find it move 
with a direct Motion in the Ecliptick, but 


continually ſlower, until Mercury has the 


greateſt Elongation from the Earth. Near 
this Poſition, the Thread for ſome time 
will lay over Mercury without being moved 
in the Ecliptick, tho' the Earth and Mercury 
both continue their progreſſive Motion in 
their reſpective Orbits. When Mercury has 
got a little paſt this Place, you'll find the 
Thread muſt be moved backward in the E- 
cliptick, beginning firſt with a ſlow Motion, 
and then faſter by degrees, until Mercury is 
in his inferior Conjunction, or directly be- 
twixt the Earth and the Sun. Near this Poſi- 
tion of &, his retrograde Motion will be the 
ſwifteſt; but he ſtill moves the ſame way, 
tho' continually flower, till he has again 

"0 come 


Fig. 1. 
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come to his greateſt Elongation, where he 
will appear the ſecond time to be Stationary ; 
after which, he begins to move forward, 
and that faſter by degrees, until he is come 
to the fame Poſition, with reſpect to the 
Earth, that he was in at firſt. The ſame 
Obſervations may be made relating to the 
Motions of Venus. In like manner the 
different Motions obſerved in the ſuperior 
Planets, may be alſo explained by the Orrery. 
If you extend the Thread over Jupiter, and 
proceed after the ſame manner as before we 
did in regard to Mercury; you'll find that 
from the time Jupiter is in Conjunction 
with the Sun, his Motion is direct, but conti- 


nually ſlower until the Earth is nearly in a 


Quadrate Aſpect with Jupiter; near which Po- 
ſition Jupiter ſeems to be Stationary: after 
which he begins to move, and ſo continually 


mends his Pace until he comes in oppoſi- 


tion to the Sun, at which time his retro- 
grade Motion is ſwifteſt. He ſtill ſeems to go 
back ward, but with a ſlower Pace, till the 
Earth and he are again in a Quadrate Aſpect, 
where Jupiter ſeems to have loſt all his 


motion; after which he again reſumes his di- 


rect Motion, and ſo proceeds faſter by de- 


grecs, till the Earth and he are again in op- 


oſition to each other. 
Theſc different Motions obſerved in the 
Plancts, are caſily illuſtrated as followeth: 


plate 3. The leſler Circle round the Sun is the Orbit 
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of Mercury, in which he performs his Re- 
volution round the Sun in about three 
Months, or while the Earth is going through 
part of her Orbit, or from A to N. The 
Numbers 1, 2, 3, &c. in the Orbit of Mer- 
ury, ſhew the Spaces he deſcribes in a Week 
nearly; and the Diſtances AB, BC, CD, &c. 
in the Earth's Orbit, do likewiſe ſhew her 
Motion in the ſame Time. The Letters 
A,B, C, Cc. in the great Orb, are the 
Motions of Mercury in the Heavens, as they 
zppear from the Earth. Now if the Earth 
be ſuppoſed in A, and Mercury in 12, near 
his ſuperior Conjunction with the Sun; 2 
ppetator on the Earth will ſee 5, as if 
he were in the Point of the Heavens A; and 
rhile & is moving from 12 to 1, and from 
to 2, &c. the Earth in the ſame time alſo 
noves from Ato B, and from B to C, &c. 
All which time Þ appears in the Heavens to 
nove in a direct Motion from A to B, and 
tom B to C, &c. but gradually flower un- 
il he arrives near the Point G, near which 
ace he appears Stationary, or to ſtand ſtill: 
nd: afterwards (tho' he ſtill continues to 
nove uniformly: in his own Orbit with a 
rogreſiive Motion) yet in the Sphere of the 
Ned Stars he'll appear to be retrograde, or 
o go backwards, as from G to , from H to 
, Oc. until he has arrived near the Point L, 
rhere again he ll appear to be Stationary, and 
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| afterwards to move in a direct Motion from 
L to M, and from M to N, c. 


ron 
| What has been here ſhewed concerning — 
the Motions of Mercury, is alſo to be un- his d 
derſtood of the Motions of Venus; but the 7 
Conjunctions of Venus with the Sun, do not Figu 
happen ſo often as in Mercury : for Venus I plan 
moving in a Jarger Orbit, and much {lower theit 
than Mercury, does not ſo often overtake UF othe 
the Earth. But the Retrogradations . ate mov 
much greater in Venus than they are in in th 
Mercury, for the ſame Reaſons. ried! 
Fig. 2, The innermoſt Circle repreſents the ter. 
Earth's Orbit, divided into 12 Parts, anſwer- lack 
ing to her Monthly Motion: the greateſt] oppo 
Circle is the Orbit of Jupiter, which he ing t 
deſcribes in about 12 Years ; and therefore Gore 
the r thereof, from A to N, defines his Mo- the f 
tion in one of our Years nearly; and the After 
intermediate Diviſions, A, B, C, &c. his ſlow 
Monthly Motion, Let us ſuppoſe the Earth 8 
to be in the Point of her Orbit 12, and again 
Fupiter in A, in his Conjunction with the abov. 
Sun : It is evident that from the Earth, 7. its 4; 
piter will be ſeen in the Great Orb, or in junct 
the Point of the Heavens A; and while the as ab 
Earth is moving from 12 to 1, 2, & c. % al that 
ſo moves from A to B, C, & c. all which plan- 
Time he appears in the Heavens to move with} Moti 
a direct Motion from A to B, C, Oc. untill er; f 
he comes in Oppoſition to the Earth near the ancil 


Point of the Heavens E, where he appears 
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to be Stationary : After which, * again be- 
gins to move (tho' at firſt with a ſlow pace) 
from E thro E, H, I, to K; where again he ap- 
pears to ſtand ſtill; but afterwards he reaſſumes 
his direct motion from I thro K, to M, exc. 

From the Conſtruction of the preceding 
Figure, it appears that when the Superior 
Planets are in Conjunction with the Sun, 
their direct Motion is much quicker than at 
other times; and that becauſe they really 
move from Weſt to Eaſt, while the Earth 
in the oppoſite Part of the Heavens is car- 
ried the ſame Way, and round the ſame Cen- 
ter. 
ſlackens until the Planet comes almoſt in 
oppoſition to the Sun, when the Line join- 
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This Motion afterwards continually 


ing the Earth and Planet will continue for 


ſome time nearly parallel to it ſelf, and ſo 
the Planet ſeems from the Earth to ſtand till ; 
after which, it begins to move with a 
ſlow Motion backward, until 
into a Quartile Aſpect with the Sun, when 
again it will appear to be ſtationary for the 
above Reaſons. After that, it will reſume 
its direct Motion until it comes into a Con- 


it comes 


junction with the Sun, then it will proceed 


as above explained. Hence, it alſo appears 
that the Retrogradations of the ſuperior 
Planets, are much {lower than their direct 
Motions, and their continuance much ſhort- 
er; for the Planet, from its laſt Quarter, 
until it comes in oppoſition to the Sun, ap- 
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pears to move the ſame way with the Earth, | 
by whom it is then overtaken: After which 
it begins to go backwards, but with a ſlow | 
Motion, becauſe the Earth being in the ſame | 
art of the Heavens, and moving the ſame # 
way, that the Planet really does, the appa- 
rent Motion of the Planet backwards muſt | 


thereby be leſſened. 


What has been here ſaid concerning the 
Motions of Jupiter, is alſo to be under 
ſtood of Mars and Saturn. But the Retro- 
gradations of Saturn do oftner happen than 
thoſe of Jupiter, becauſe the Earth ofner | 
overtakes Saturn; and for the ſame Reaſon, | 
the Regreſſions of Zupriter do oftner happen 


than thoſe of Mars. But the Retrograda- 


tions of Mars are much greater than thoſe : 
of 7upiter ; whoſe are alſo much greater | 


than thoſe of Saturn. 


In either of the Satellits of Jupiter or b 
Saturn, theſe different Appearances in the 


ncighbouring Worlds, are much oftner ſeen 
than we do in the Primary Planets, 

We never obſerve theſe different Motions | 
in the Moon, becauſe ſhe turns round the | 
Earth as her Center ; neither do we obſerve 
them in the Sun, becauſe he is the Center of 


the Earth's Motion, whence the apparent Þ 


Motion of the Sun always appears the ſame - 
way round the Fah. 
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Of the Annual and Diurnal Motion of the 
Earth, and of the Increaſe and Decreaſe 
of Days and Nights. 


The Earth in her Annual Motion round 
the Sun, has her Axis always in the ſame Di- 
rection, or parallel to it ſelf: that is, if a 
Line be drawn parallel to the Axis while 
the Earth is in any point of her Orbit, the 
Axis in all other Poſitions of the Earth, 
will be parallel to the ſaid Line 
ralleliſm of the Axis, and the ſimple Motion 
of the Earth in the Ecliptick, ſolves all the 
Phenomena of different Seaſons. Theſe 
things are very well illuſtrated by the Orrery. 

If you put on the Lamp in the place of the 
Sun, you will ſee how one half of our Globe 
is always illuminated by the Sun, while the 
other Hemiſphere remains in darkneſs 
Day and Night are formed by the Revolu- 
tion of the Earth round her Axis : for as 
ſhe turns from Weſt to Eaſt, the Sun ap- 
pears to move from Eaſt to Weſt. And 
while the Earth turns in her Orbit, you may 
obſerve that her Axis always points the fame 
way; and the ſeveral Seaſons of the Year 
continually change. 

To make theſe things plainer, we will 
take a View of the Earth in different parts of 
her Orbit. ö | 
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When the Earth is in the firſt Point of 


Libra (which is found by extending a Thread 
from the Sun, and over the Earth to the 
Ecliptick) we have. the Vernal Equinox, 
and the Sun at that Time appears in the 
firſt Point of Y. In this Poſition of the 
Earth, the two Poles of the World are in 
the Line ſeparating Light and Darkneſs ; and 
as the Earth turns round her Axis, juſt one 
Half of the Equator, and all its Parallels, will 
be in the Light, and the other Half in the. | 


Dark; and therefore the Days and Nights 
muſt be every where equal. 

As the Earth moves along in her Orbit, 
you'll perceive the North Pole advanccs by 


degrees into the. illuminated Hemiſphere, 
and at the ſame Time, the South Foic rc- 


cedes into Darkneſs ; and in all Places to 
the Northward of the Equator, the Days con- 
tinually lengthen, while the contrary hap- 
pens in the Southern Parts; until at length 
the Earth is arrived in Caprzcorn. In this 
Poſition of the Earth, all the Space in- 
cluded within the Arctick Circle falls 
wholly within the Light ; and all the op- 
poſite Part lying within the AntarQtick 
Circle, is quite involved in Darkneſs. In 
all Places between the Equator and the 
Arctick Circle, the Days are now at the 
longeſt, and are gradually longer as the 
Places are more remote from the Equator: 
In the Southern Hemiſphere there is the con- 
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trary Effect. All the while the Earth is tra- 
velling from Capricorn towards Aries, the 


= 


North Pole gradually recedes from the Light, 


and the South Pole approaches nearer to it: 
the Days in the Northern Hemiſphere gra- 
dually decreaſe, and in the Southern Hemi- 
ſphere they increaſe in the ſame proportion, 


until the Earth being arrived in Y, then the 


two Poles of the World lie exactly in the 


Line ſeparating Light and Darknels, and 


the Days are equal to the Nights in all 
Places of the World. As the Earth advances 
towards Cancer, the North Pole gradually 
recedes from the Light, while the Southern 
one advances into it, at the ſame rate; in 
the Northern Hemiſphere the Days decreaſe, 
and in the Southern ones they gradually 
lengthen, until the Earth being arrived in 


Cancer, the North Frigid Zone is all in- - 


volved in Darkneſs, and the South Frigid 
Zone falls entirely within the Light; the 
Days every where in the Northern Hemi- 
ſphere are now -at the ſhorteſt, and to the 
Southward they are at the longeſt. As the 
Earth moves from hence towards Libra, the 
North Pole gradually approaches the Light, 
and the other recedes from it; and in all 
Places to the Northward of the Equator, 


the Days now lengthen, while in the op- 


polite Hemiſphere they gradually ſhorten, 
until the Earth has got into =; in which 
Poſition, the Days and Nights will again 

8 | be 


170 


Plate 4. 


The Deſcription of 
be of equal Length in all Parts of the 
World. 

Vou might han obſerved, that in all 
Poſitions of the Earth, one half of the Equa- 
tor was in the Light, and the other half in 
Darkneſs; whence under theEquator,theDays 
and Nights are always of the ſame Length: 


And all the while the Earth was going from | 


S towards Y, the North Pole was conſtant- 
ly illuminated, and the South Pole all the 
while in Darkneſs; and for the other Half 
Year the contrary. Sometimes there is a 


Semicircle exactly facing the Sun, fixed over | 
the Middle of the Earth, which may be | 
called the Horizon of the Disk: This will 


do inſtead of the Lamp, if that Half of | 
the Earth which is next the Sun be con- 
ſider d, as being the illuminated Hemiſphere, | 


and the other Half, to be that which lies in | | 


Darkneſs. 


The Great Circle V, ©, 0 Oc. repreſents ' 
the Earth's annual Orbit; and the four leſſer | 
Circles ES QC, the Ecliptick upon the Sur- | 
face of the Earth, coinciding with the great | 
Ecliptick in the Heavens. Theſe four leſſer 


Figures repreſent the Earth in the four Car- 


dinal Points of the Ecliptick; P being the | 
North Pole of the Equator, and p the North 
Pole of the Ecliptick; SP C the Solſtitial 
Colure, which is always parallel to the great | 
Solftitial Colure 5 © in the Heavens; 
EP Q the Equinoctial Colure. The other 
| Circles | 
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Circles paſſing thro P, are Meridians at two 
Hours diſtance from one another; the Semi- 
circle E Q is the Northern Half of the 
Equator; the parallel Circle touching the 
Ecliptick in S, is the Tropick of Cancer; 


the dotted Circle the Parallel of London; 


and the ſmall Circle, touching the Pole of 
the Ecliptick, is the Arctic Circle. The 
ſhaded Part, which is always oppoſite to the 
Sun, is the obſcure Hemiſphere, or that 
which lies in Darkneſs; and that which is 

next the Sun, is the illuminated Hemiſphere. 
If we ſuppoſe the Earth in =, ſhe'll then 
ſee the Sun in Y, (which makes our vernal 
Equinox) and in this Poſition, the Circle, 
bounding Light and Darkneſs, which here 
is S C, paſles thro' the Poles of the World, 
and biſects all the Parallels of the Equator; 
and therefore the Diurnal and Nocturnal 
Arches, or the Lengths of the Days and 

Nights are equal in all Places ofthe World. 
But while the Earth, in her annual Courſe, 
movesthro' , 7, to ; the Line S C, keep- 
ing ſtill parallel to it ſelf, or to the Place 
where it was at firſt; the Pole P, will by 
this Motion gradually advance into the illu- 
minated Hemiſphere; and alſo the Diurnal 
Arches of the Parallels gradually increaſe, 
and conſequently the Nocturnal orfes de- 
creaſe in the ſame proportion, until the 
Earth has arrived into Y: in which Poſition 
the Pole P, and all the Space within the 
Arctick 
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Arctick Circle, fall wholly within the illu- 


minated Hemiſphere; and the Diurnal Arches 
of all the Parallels that are without this 
Circle, will exceed the Nocturnal Arches 
more or leſs, as the Places are nearer to, or 
farther off from it; until theDiſtance from the 
Pole is as far as the Equator, where both 


theſe Arches are always equal. 


Again, while the Earth is moving from 
Y, through =, „, to V/; the Pole P begins to 
incline to the Line, diſtinguiſhing Light and 
Darkneſs, in the ſame proportion that be- 
fore it receded from it; and conſequently 
the Diurnal Arches gradually leſſen, until 
the Earth has arrived into 1; where the 
Pole P will again fall in the Horizon, and 
ſo cauſe the Days and Nights to be cvery 
where equal. But when the Earth has paſled 
Y, while ſhe is going thro' & and n, Cc. 


the Pole P, will begin to fall in the obſcure | 


Hemiſphere, and ſo recede gradually from 
the Light, until the Earth is arrived in 8; 
in which Poſition, not only the Pole, but 
all the Space within the Arctick Circle, are | 
involved in Darkneſs; and the Diurnal | 
Arches of all the Parallels, without the 


ArQick Circle, are equal to the Nocturnal 
Arches of the ſame Parallels, when the Earth F 


was in the oppoſite Point y: and it is evi- þ 
dent, that the Days are now at the ſhorteſt, F 


and the Nights the longeſt. Bar wien chic : 


Eatth has paſt this Point, while ſhe is going 
through | 
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through &, and m, the Pole P will again ; 
gradually approach the Light, and ſo the di- 
urnal Arches of the Parallels gradually leng- 
then, until the Earth is arrived in =; at 
which Time the Days and Nights will again 
be equal in all Places of the World, and the 
Poleit ſelf juſt ſee the Sun. 

Here we only conſidered the Phenomena 
belonging to the NorthernParallels; but if the 
Pole P be made the South Pole, then all the 
Parallels of Latitude will be Parallels of South 
Latitude; and the Days cvery where, in any 
Poſition of the Earth, will be equal to the 
Nights of thoſe who lived. in the oppoſite 
Hemiſphere, under the ſame Parallels. 


Of the Phaſes of the Moon, and of her 
Motion in her Orbit. 


The Orbit of the Moon makes an Angle 
with the Plane of the Ecliptick, of above 
5+ Degrees, and cuts it into two Points, 
diametrically oppoſite, (after the ſame man- 
ner as the Equator and the Ecliptick cut 
each other upon the Globe in y and =) which 
Points are called the Nodes; and a right Line Nodes. 
joining theſe Points, and paſſing through 
the Center of the Earth, is called the Line tin of the 
of the Nodes. That Node where the Moon Node. 
begins to aſcend Northward above the Plane 
of the Ecliptick, is called the Aſcending 
Node, and the Head of the Dragon, and page 
is thus commonly marked 8. The other Head. 
Node, from whence the Moon deſcends wn 
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the Southward of the Ecliptick, is called the 


Dragon - Deſcending Node, and the Dragon's-Tail, 


Tail. 


and is marked p. The Line of the Nodes 
continually ſhifts itſelf from Eaſt to Weſt, 
contrary to the Order of the Signs; and 


Retrograde With this Retrograde Motion, makes one 


Motion of Revolution round the Earth, 


the Nodes. 


Periodical 
Month. 


Synodical W 
Month. 


in. the Space 
of about 19 Years. | 
The Moon deſcribes: its Orbit round the 
Earth in the Space of 27 Days, and 7 Hours, 


which Space of Time is called a Periodical 


Month; yet from one Conjunction to the 
next, the Moon ſpends 29 Days and a Half, 
which is called a Snodical Month ; becauſe 


while the Moon in its proper Orbit finiſhes 


its Courſe, the Earth advances near a whole 
Sign in the Ecliptick, which Space the Moon 
has ſtill to deſcribe before ſhe will be ſeen 
in Conjunction with the Sun. 

When the Moon is in Conjunction with 
the Sun, note its Place in the Ecliptick; 
then turning the Handle, you'll find that 
27 Days and 7 Hours will bring the Moon 
to the ſame Place; and after you have made 
2+ Revolutions more, the Moon will be 
exactly betwixt the Sun and the Earth. 

The Moon all the while keeps in her 
Orbit, and ſo the Wire that ſupports her 
continually riſes or falls in a Socket, as ſhe 


changes her Latitude; the black Cap ſhifts 


Phaſes of 
the Moon. 


it ſelf, and ſo ſhews the Phaſes of the Moon, 
according to her Age or how much of her 
en- 
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enlighten d Part is ſeen from the Earth. In 
one Synodical Month, the Line of the 
Nodes moves about 1; Degree from Weſt 
to Eaſt, and ſo makes one entire Reyoly- 
tion in 19 Yeats. 


Let AB be an Arch of the Earth's Orbit, Plate 5. 
and when the Earth is in T, let the Moon Fg. 1. 


be in N, in Conjunction with the Sun in 8; 


while the Moon is deſcribing her Orbit 
NAF D, the Earth will deſcribe the Arch 
of her Orbit Tf; and when the Earth has 
got into the Point f, the Moon will be in 


the Point of her Orbit 2, having made one 


compleat Revolution round the Earth. But 
the Moon, before ſhe comes in Conjunction 
with the Sun, muſt again deſcribe the Arch 
10; Which Arch is ſimilar to Tr, becauſe 
the Lines FEN, Vn, are parallel; and be- 
cauſe, while the Moon deſcribes the Arch 
1, the Earth advances forward in the E- 


cliptick ; the Arch deſcribed by the Moon, 


after ſhe has finiſhed, her periodical Month, 
before ſhe makes a Synodical Month, muſt 
be ſomewhat greater than 7 0. 
mine the mean Length of a Synodical Month; 
find the Diurnal Motion of the Moon, (or 
the Space ſhe deſcribes round' the: Earth in 
one Day) and likewiſe the Diurnal Motion 


of the Earth; then the Difference betwixt 


theſe two Motions, is the apparent Motion of 


the Moon round the Earth in one Day: then it 


will be, As this differential Arch, is to a whole 
Circle; 


To deter- 
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| Circle ; ſo is one Day, to that Space of 
Time wherein the Moon appears to de- 
ſcribe a compleat Circle round the Earth; 


a 
which is about 294 Days: But this is not 1 
always a true Lunation; for the Motion of ˖ 
the Moon is ſometimes faſter and ſometimes 1 
ſlower, according to the Poſition of the V 
Earth in her Orbit. £7 | a 

In one Synodical Month, the Moon has p 
all manner of Aſpects with the Sun and * >\ 
Earth; and becauſe ſhe is opaque, that Face * 
of hers will only appear bright which is to- 1 
wards the Sun, while the oppoſite remains vi 
in Darkneſs. But the Inhabitants of the a1 
Earth can only ſee that Face of the Moon 2 
Which is turned towards the Earth; and 
therefore, according to the various Poſitions * 
of the Moon, in reſpect of the Sun and of 
Earth, we obſerve different Portions of her th 
illuminated Face, and ſo a continual Change 1 
in her * Phaſes. al! 

Fig. 2. Let S be the Sun, RT V an Arch of the 65 
Earth's Orbit, T the Earth, and the Circle bogs 
AB CD, exc. the Moon's Orbit, in which | 5 
ſhe turns round the Earth, in the Space of 9 
a Month; and let A, B, C, &c. be the Cen- 55 
ters of the Moon in different Parts of her 3 
Orbit. | fa 

of 


* Phaſes of the Moon, are thoſe different Appearances we 
obſerve in her, according to her Poſition in reſpe& of the wh 
Sun and Earth. 
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Now if with the Lines S A, SB, Cc. 
we join the Centers of the Sun and Moon, 
and at right Angles to theſe, draw the Lines 
H O; the ſaid Lines HO, will be the Circles 
that ſeparate the illuminated Part of the 
Moon, from the dark and obſcure : Again, if 
we conceive another Line I L, to be drawn 
at right Angles to the Lines 5 A, 1. 
paſſing from the Center of the Earth to the 


Moon, the ſaid Line IL will divide the 


viſible Hemiſphere of the Moon, or that 
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which is turned towards us, from the in- 


viſible, or that which is turned from us; 
and this Circle may be called the Circle of 
Lifton. 


Now it is manifeſt, that whenever the Fall Moon: 


Moon is in the Poſition A, or in that Point 
of her Orbit which is oppoſite to the Sun, 


the Circle of Viſion, and the Circle bound- 


ing Light and Darkneſs do coincide, and 
all the illuminated Face of the Moon is 


turned towards the Earth, and is viſible to 


us; and in this Polition the Moon is ſaid to 


be full. But when the Moon arrives to B, 


all her illuminated Face is then not towards 
the Earth, there being a Part of it, HB I, 
not to be ſeen by us; 
Face is deficient from a Circle, and appears 
of a gibbous Form, as in B. Fig. 3. Again, 
when ſhe arrives to C, the two forementioned 
Circles cut cach other at right Angles, and 


then we obſerve a Half Moon, as in C, Ralf Moon. 


N Tig. 


and then her viſible 
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Fig. 3. And again, the illuminated Face 
of the Moon is more and more turned from 
the Earth, until ſne comes to the Point E, 
where the Circle of Viſion, and that bound- 
ing Light and Darkneſs, do again coincide. 
Here the Moon diſappears, the illuminated 
Part being wholly turned from the Earth ; 
and ſhe is now ſaid to be in Conjun&ion 
with the Fun, becauſe ſhe is in the ſame 
Direction from the Earth, that the Sun is 


New Moon. in, Which Poſition we call a New Moon. 


When the Moon has arrived to F, ſhe again 
reſumes a horned Figure; but her Horns 
(which before the Change were turned Weſt- 
ward) have now changed their Poſition, and 
look Eaſtward. When ſhe has arrived to 
a Quadrate Aſpect at G, ſhe'll appear biſſected, 
like a Half-Moon; afterwards ſhe'll ſtill 
grow bigger, until at laſt ſhe comes to A, 
where again ſhe'll appear in her full Splendor. 

The ſame Appearances which we obſerve 
in the Moon, arc likewiſe obſerved by the 
Lunarians in the Earth; our Earth being a 
Moon to them, as their Moon is to us; and 
we arc obſerved by them, to be carried 
round in the ſame Space of Time, that they 
arc really carried round the Earth. But the 
ſame Phaſes of the Earth and Moon happen 
when they are in a contrary Poſition ; for 
when the Moon is in Conjunction to us, 
the Earth is then in Oppoſition to the Moon, 


and the Lunarians have then a full Earth, 
as 
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as we in a ſimilar Poſition have a full Moon: 
When the Moon comes in Oppoſition to 
the Sun, the Earth ſeen from the Moon, 
will appear in Conjunction with her, and 
in that Poſition the Earth will diſappear ; 
afterwards ſhe'll aſſume a horned Figure, and 
ſo ſhew the ſame Phaſes to the Inhabitants 


of the Moon, as ſhe does to us. 


Of the Eclipſes of the Sun and Moon. 


An Eclipſe is that Deprivation of Light g 
in a Planet, when another is interpoſed be- 
twixt it and the Sun. Thus, an Eclipſe of 
the Sun is made by the Interpoſition of the 
Moon at her Conjunction; and an Eclipſe 
of the Moon is occaſioned by the Shadow 
of the Earth falling upon the Moon, when 
ſhe is in Oppoſition to the Sun. 

Let S be the Sun, T the Earth, and*#+ 
AB C its Shadow ; now if the Moon, 
when ſhe is in Oppoſition to the Sun, ſhould 
come into the conical Space ABC, ſhe'll 
then be deprived of the Solar Light, and zanar 
ſo undergo an Eclipſe. Eclipse. 

In the ſame manner when the Shadow of 
the Moon falls upon the Earth (which can 
never happen but when the Moon is in Con- 
junction with the Sun) that part upon which 
the Shadow falls, will be involved in Dark- 
neſs, and the Sun eclipſed. But becauſe the Lage 
Moon is much leſs than the Earth, the Sha- © 

N 2 dow 


Fig. 6. 
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dow of the » cannot cover the whole Earth, 
but only a part of it. 
T thc Earth, ABC the Moon's Orbit, and 
L the Moon i in Conjunction with the Sun: 
Here the Shadow of the Moon falls only 


upon the part DE of the Earth's Surface, 


and there only the Sun is entirely hid; but 
there are other parts E E, D G, on each ſide of 
the Shadow, where the Innabitants are de- 
prived of part of the Solar Rays, and that 
more or leſs according to their Diſtance from 
the Shadow. Thoſe who live at H and J, 
will ſee half of the Sun eclipſed: but in the 
Spaces F M, GN, all the Sun's Body will 
be viſible without any Eclipſe. 


be involved in the Earth's Shadow. 
Although the Moon ſeen from the Earth, 
and the Earth ſeen from the Moon, are each 
altcrnately once a Month in Conjunction 
with the Sun; yet by Reaſon of the Incli- 
nation of the Moon's Orbit to the Eclip- 


tick, the Sun is not eclipſed every New 


Moon, nor the Moon at every Full. Let T 
be the Earth, D T E an Arch of the Ecliptick, 
AL BF the Moon's Orbit, having the Earth 
J in its Center; and let AGB C be another 
Circle coinciding with the Ecliptick, and 

f 7 


Let S be the Sun, 


From the 
preceding Figure, it appears, that an E- 
clipſeo f the Sun does not reach a great way 
upon the Superficies of the Earth: but the 
Whole Body of the Moon may ſometimes 
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A, B, the Nodes, or the two Points where the 
Moon's Orbit and the Ecliptick cut each 
other; A the aſcending Node, and B the 
deſcending Node. The Angle GAL equal 
to GBL is the Inclination of the Moon's 
Orbit to the Ecliptick, being about 5 De- 
grees. Now a Spectator from the Earth at 
T, will obſerve the Sun to move in the Cir- 
cle A GBC, 
ALB F; whence it is evident, that rhe Sun 
and Moon can never be ſeen in a direct Line 
from the Center of the Earth, but when 
the Moon is in one of the Nodes A or B; 
and then only will the Sun appear centrally 
eclipſed. But it the Conjunction of the 
Moon happens when ſhe is any where with- 
in the Diſtance Ac of the Nodes either 
North or South, the Sun will be then eclip- 
ſed, more or leſs according to the Diſtance 
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and the Moon in her Orbit 


from the Node A, or B. If the Conjunction 


happens when the Moon is in &, the Sun 
will be then one half eclipſed; and if 
it happens when ſhe. is in c, the Moon's 
Limb will juſt rouch the Sun's Disk, with- 


out hiding any part of it. 
The Shadow of the Earth at the Place 


where the Moon's Orbit interſects it, is three 


times as large as the Moon's Diameter, as in 


Fig. 4. and therefore it often happens that 


Eclipſes of the Moon are Total, when they 
are not Central: and for the ſame Reaſon 
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the Moon may ſometimes be totally eclipſed 
for three Hours together; whereas Total 
Eclipſes of the Sun can ſcarcely ever exceed 
four Minutes. | 

The Eclipſes of the Sun and Moon are 
very well explained by the Orrery : thus, 
Having put the Lamp in the Place of the 
Sun, and the little Earth and the little Moon 
in their proper Places, inſtcad of the larger 
ones; let the Room wherein the Inſtru- 


ment ſtands be darkened; then turning the 


Handle about, you'll ſee when the Con- 


junction of the Moon happens. When ſhe is 
in or near one of the Nodes, her Shadow 
will fall upon the Earth, and ſo deprive that 
part upon which it falls of the Light of the 
Sun: If the Conjunction happens when the 
Moon is not near one of the Nodes, the 
Light of the Lamp will fall upon the Earth, 
either above or below the Moon, according 
to her Latitude at that Time. In like man- 


ner, when the full Moon happens near one of 


the Nodes, the Shadow of the Earth will 
fall upon the Moon; and if the Moon's La- 
titude be but ſmall, her whole Face will be 
involved in Darkneſs. At other times, 
when the full Moon happens when ſhe is 


not near one of her Nodes, the Shadow of 


the Earth will paſs either above or below the 


Moon, and ſo by that means the Moon will 
eſcape being eclipſed. 


Of 
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the Eclipſes of the Satellits of Jupiter. 


The apparent Diameters of the Inferior | 


Planets are ſo ſmall, that when they paſs 
betwixt us and the Sun, they only appear 
like ſmall Spots upon the Sun's Surface, 
without depriving us of any. ſenſible quan- 
- tity of his Light. The Shadow of the Earth 
likewiſe terminates before it reaches any of 
the ſuperior Planets, ſo that they are never 
eclipſed by us; and the Earth, when ſhe is in 
Conjunction with the Sun, only appears like 
a black Spor upon his Surface. : 

But Fapiter and his Moons mutually 
eclipſe each other, as our Earth and Moon 
do; as alſo doth Saturn and his Moons. 
The Satellits of Jupiter become twice hid 
from us, in one Circulation round u, vir. 
once behind the Body of Fupiter, 7. e. when 


they are in the right Line joining the Centers 


of the Earth and /; and again they become 
inviſible when they enter the Shadow of 

upiter, which happens when they arc at 
their full as ſeen from *, at which times they 
alſo ſuffer Eclipſes : which Eclipſes happen to 
them, after the ſame manner as they do to 


our Moon, by the interpoſition of the Earth 


betwixt her and the Sun. 
Let S be the Sun, ABT the Earth's Or- 


bit; and C/ D an Arch of Jupiter“ Or- 


bit, in which let Z#pzter be in the Point * 
and 
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they move thro the inferior Parts of their 


in which places they cannot be diſtinguiſhed 1 


Conjunction with the Sun, their Shadows . 


Body be involved in Darkneſs, to which 


Satellits, it was firſt diſcover d that Light is 
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and let CFDH be the Orbit of one of Fup:- 
ters Satellits, which we'll here ſuppoſe tobe 
the fartheſt from him. Theſe Satellits while 


Orbits, V/z. from D thro H, I to C, ſeem 
from the Earth and the Sun to have a retro- 
grade Motion; but when they are in the 
ſuperior part of their Orbit, they are then 
ſeen to move from Weſt to Eaſt according to 


their true Motion. Now while they de- YL 
{cribe the ſuperior part of their Orbits, they 
will be twice hid from the Earth, once in cn 


the Shadow of u, and once behind his Body. 
If Fupiter be more Weſterly than the Sun, 
that is, when the Earth is in A, they'll be 
firſt hid in the Shadow F, and afterwards 
behind the Body of # in G: But when the FF. 
Earth is in B then they arc firſt hid behind Wn 
1s Body in E, and afterwards fall into the * 
Shadow F. While theſe Satellits deſcribe * 
the inferior parts of their Orbits, they only 
once diſappear, which may be either in or 
H, according to the Poſition of the Earth, 


from the Body of Jupiter. 
When the Satellits ſeen from * are in 


will then fall upon *, and ſome part of his 


part the Sun will be totally eclipſed. 
By obſerving the Eclipſes of Fupzter's 
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with an incredible ſwiftneſs. For if Light 
came to us in an Inſtant, an Obſerver in T 
would ſee an Eclipſe of one of theſe Satellits, 
at the ſame time that another in Kwould, But 
as been found by Obſervations, that when 
15 17 Earth is in K at her neareſt diſtance from 
Jupiter, theſe Eclipſes happen much ſooner 
than when ſhe is in T. Now having the 
difference of Time betwixt theſe Appear- 
ances in K and T, we may find the Length 
© {of Time, the Light takes in paſſing from 
EK to T, which Space is equal to the Dia- 


F 


meter of the Earth's Annual Orb. By theſe 


kind of Obſervations, it has been found 
that Light reaches from the Sun to us, in the 
ſpace of eleven Minutes of Time, which is 


at leaſt at the rate of 100, ooo Miles in a Se- 
cond. 
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